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GE Healthcare illustra” 


Get attached to illustra 
for faster nucleic acid 
sample prep. 


New illustra™ nucleic acid sample prep kits from GE Healthcare give you optimal 
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Speed is crucial to the sundew plant's success. 
Itreacts rapidly, bending its tentacles to bind its prey. 
Some species can do this in just tenths of a second. 
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Artist's view of the Sun's core, showing 
gravity waves inferred from observations 

with the Global Oscillation at Low Frequency 
instrument aboard the Solar and Hetiospheric 


Observatory. These signatures of solar gravity Random Samples 
provide clues about the rotation rate of the Newsmakers 
New Products 


solar core, See page 1591. 
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SCIENCE EXPRESS 
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IMMUNOLOGY 
Reciprocal Th-17 and Regulatory T Cell Differentiation Mediated by 
Retinoic Acid 
D. Mucida etal. 
‘During development, a metabolite of vitamin A directs progenitor immune cells 
to become cells that prevent inflammation rather than ones that promote it. 

10.1 126/science.1145697 


DEVELOPMENTAL BIOLOGY 

Noise in Gene Expression Determines Cell Fate in Bacillus subtilis 

H. Maamar, A. Raj, D. Dubnaw 

Bacteria that show more random fluctuations in gene expression are more likely to 

‘switch to an alternative phenatype in which they can take up foreign genetic materia 
10,1126/science. 1140818 
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GEOCHEMISTRY 

Remnants of the Early Solar System Water Enriched in 

Heavy Oxygen Isotopes 

1N. Sakamoto et al. 

Material extremely enriched in the heavy isotopes of oxygen is abundant in the mtr, 

ofa primitive meteorite, identilying a cistnct water reservoir inthe early solar system. 
10.1 126/science.1142021 


PERSPECTIVE: Strange Water in the Solar System 


E.0. Young 


10.1126/science.1145055 


CLIMATE CHANGE 
Four Climate Cycles of Recurring Deep and Surface Water 
Destabilizations on the Iberian Margin 
B. Martrat etal. 
‘Alternating penetration of deep ocean waters from southern and northern poles 
{nto low latitudes drove centuy-to-millennial climate changes for atleast the 
‘past 400,000 years. 
10.1126/science,1139994 
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ECOLOGY 
Comment on "Carbon-Negative Biofuels from 
Low-Input High-Diversity Grassland Biomass” 
MP Russell etal. 
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Response to Comment on “Carbon-Negative Biofuels 
from Low-Input High-Diversity Grassland Biomass” 
. Tilman, J Hill, Lehman 


REVIEW 


ECOLOGY 
The Macroecological Contribution to Global Change 
Solutions 

1.1, Kert, H.M. Kharouba, D. J. Currie 


BREVIA 

PLANETARY SCIENCE 

The Mass of Dwarf Planet Eris 
M. E, Brown and E. L Schaller 
‘Observations of the orbit of dwart planet Eris” satellite Dysnomia 
indicates that Eris has a density similar to Pluto's, but is about 
1.27 times as large 
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GENETICS 
The Release 5.1 Annotation of Drosophila 
‘melanogaster Heterochromatin 

C.D. Smith, S. Shu, C.}. Mungall, G. H. Karpen 
[DNA near the centromeres of Drosophila chromosomes is repetitive 
and consists of transposons, tandem and satelite repeats, and over 
200 coding and noncoding genes. >> fe 5 
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ASTRONOMY 
Tracking Solar Gravity Modes: The Dynamics of the 
Solar Core 

RA Garcia etal 

Satelite detection of deep buoyancy-driven oscillations within 
the Sun implies thatthe star cores spinning faster than the 
surrounding radiative zone, >> Pe 1 
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PHYSICS 
Tuning the Quantum Stability and Superconductivity 1594 
of Ultrathin Metal Alloys 

M.M. Ozer et al. 

Incorporating small amounts of bismuth int thin lead ims adds 
‘entra electrons to the fi, alloing control ois mechanical stability 
and superconducting behavior, 


CHEMISTRY 
‘Metal Chlorides in tonic Liquid Solvents Convert 
‘Sugars to 5-Hydroxymethylfurfural 

#1. Zhoo, J. E Holladay, H. Brown, Z. C. Zhang 
‘Achromium catalyst efficiently converts glucose, which can be 
‘obtained renewably, toa versatile intermediate feedstock usualy 
derived from petroleum, 
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REPORTS CONTINUED. 


GEOPHYSICS 
Origin of the Low Rigidity of the Earth's Inner Core 1603 
4B. Belonoshko etal 
Molecular simulations suggest that crystal defects, rather than 
‘melting, may explain the low rigidity and shear wave velocities 
ofthe Earth’ inner core. 
ECOLOGY 
Frequent Long-Distance Plant Colonization inthe 1606 
‘Changing Arctic 
1. G.Alsos et al. 
‘tic stands have been colonized repeatedly by plant species 
{rom distant sources, suggesting that plant ranges can shift 
‘apialy northward in response to global warming. 
NEUROSCIENCE 
‘Modulation of Neuronal Interactions Through 1609 
Neuronal Synchronization 
T. Womelsdorf etal, 
Te interaction of two neuronal groups inthe visual systems 
of cats and monkeys depends on the phase relation between 
their eythmic actives, 

Perspective p35 
NEUROSCIENCE 
‘Neural Mechanisms of Visual Attention: How 1612 
Top-Down Feedback Highlights Relevant Locations 
¥. B. Saalmann, 1. N. Pigarey, TR. Vidyasagar 
‘As visual information flows from the retina tothe cortex, feedback 
to neurons farther down the pathway increases activity in specific 
‘upstream areas to enable focused spatial attention. 
>> Perspective p. 1578 


CELL BIOLOGY 
‘a-Klotho as a Regulator of Calcium Homeostasis 1615 
A Imura 

/Apratein ith several reported functions may asa influence calcu 
‘metabolism by modulating the abundance ofthe sodium-potasium 
‘pump atthe plasma membrane, 

CELL BIOLOGY 

Wht Induces LRP6 Signalosomes and Promotes 1619 
Dishevelled-Dependent LRP6 Phosphorylation 

1 Bilié etal. 

large, ribosome-sited protein complexes containing receptor and 
adapter proteins assemble at cell membranes to detect and transduce 
critical developmental signa. 
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PSYCHOLOGY 
Neural Responses to Taxation and Voluntary Giving 1622 
Reveal Motives for Charitable Donations 

W.T Harbaugh, U. Mayr, D. R. Burghart 

‘Seeing one’s tates spent on public services is not as remarding 

a paying for them onesell 

GENETICS 

Sequence Finishing and Mapping of Drosophila 1625 
‘melanogaster Heterochromatin 

RA Hoskins eta. 

[DNA near the centromeres of Drosophila chromosomes is repetitive 
and consists of transposons, tandem and satelite repeats, and over 
£200 coding and noncoding genes. >> Research Article p. 1586 
IMMUNOLOGY 

The Vaccine Adjuvant Monophosphoryl Lipid Aas.a 1628 
TRIF-Biased Agonist of TLR4 

V. Mata Haro et al. 

‘Absacterial tipi that can be added to vaccines to boost effectiveness 
4s es toxic than current versions. probably because it selectively 
stimulates only one immune pathway. 


BIOCHEMISTRY 
Crystal Structures of Human MD-2 and its Complex 1632 
with Antiendotoxic Lipid Va 

U. Ohto, K Fukase, K Miyake, ¥. Satow 

The structure of a membrane protein bound to bacterial 
tipopolysaccharide reveals the first step in how the innate 

‘immune system senses the presence of invading bacteria, 
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Scientists challenge the vabiliy ofthe first potentially 
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K Travis 
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in Clinical Research 

K Hede 

‘Demand for pharmacists trained in clinical research is 
‘growing at organizations involved in drug development. 
FRANCE: French Pharmacist Finds Regulatory Niche 
E Pain 

Franch Dialouka tried several pharmacy jobs before finding 
‘8 good fit in public health. 
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A. Fazekas 

Community pharmacists say their obs extend beyond being 
drug managers. 
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standard for reproducibility, specificity speed, and sensitivity 

in cDNA synthesis for qPCR. No other product delivers 
better sample representation, faster, and easier qScript™ 
is available in several formats: 


* qScript™ cDNA Supermix: The first and only optimized 
‘one-tube 1st strand cDNA synthesis for 2-step RT-PCR. 


= qScript™ cDNA Synthesis Kit: Broad reproducibility 
for 2-step RE-PCR. == ss 
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# qScript™ Flex cDNAMKit: Priming flexibility and 
sensitivity for 1st Strand CDNA synthesis, 

+ qScript™One-Step qRT-PCR Kit: Maximum RT-PCR 
efficiency, sensitivity, and specificity 

The foundess of Quanta Biosciences have a legacy of lading the 

development of pioneering reagents including SuperScript® 

1 Step REPCR kits Platinun*Taq, Scrip™ and iQ™'Supermix. 

QScript™is their latest industry-defining product, 

To learn more about qScript™ visit quantabio.com 
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Signatures of the 
Sun’s Center 


The Sun's vibrations can reveal details ofits 
inner structure. Pressure-driven modes have 
long been observed, but they provide only tim 
ited information about the center of the Su 
which contains more than half the Sun’s mass 
and is the region where fusion occurs. Gravity 
driven modes can potentially reveal more about 
changes in buoyancy of the Sun’s dense inner 
core but are very weak at the Sun's surface and 
have been hard to detect. Garcia et al. (p. 1591, 
published online 3 May; see the cover, the 4 May 
ews story by Kerr, and the Perspective by Mit) 
report the observation of a periodic structure in 
the Solar power spectrum that is characteristic of 
gravity modes in 10 years of data taken with the 
Global Oscillation at Low Frequency (GOLF) 
instrument aboard the Solar and Heliospheric 
Observatory (SOHO). These signatures suggest 
that the Sun's core rotates faster than in the rest 
of the radiative zone 


Controlling Quantum 
Stability 


When films undergo thinning, they often break 
up into droplets as this change in morphotogy 
decreases surface tension. However, recent work 
has shown that for metallic films there are thick 
‘nesses, counted in a sequential odd-even integer 
number of monolayers, where the films are 
remarkably stable. This quantum stability is 
thought to arise from the competing effects of 
surface tension and the energy of the electrons 
confined to the layer. Such quantum confine: 
iment effects can also affect properties such as 
superconducting transition temperatures. Ozer 
1594) show that quantum stability and 
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at high temperature. 


the superconducting behavior can both be con: 
trolled by varying the electron density in the 
{ead films by forming alloys with bismuth, 


Limiting Nanoparticle 
Dispersal 

‘Sulfate-reducing bacteria are known to produce 
metal-derived nanoparticles as part of the reduc: 
tion process that helps reduce metal concentra: 
tions in anoxic waters, bu the extent to which 
the resulting nanoparticles 
move about in the 
ewironment is 
‘uncertain, Moreau 

et al. (p. 1600) 

study the role of 
microbially 

derived proteins 

on the formation of 
tine sulfide particles 
ina biofilm, The metal: 
binding polypeptides and 

proteins are important factors in extracellular 
metal-sulfide biomineralization, and they may 
play an important role in aggregation processes 
that limit the spread of nanoparticles in natural 
ewironments, 


Arctic Plant Dispersal 
Understanding of how the distributions of plant 
species might shift in response to climate change 
is hampered by the difficulty of obtaining good 
‘quantitative estimates of the frequency of long: 
distance dispersal. By analyzing the genetic vari- 
ation of more than 4000 plant samples repre- 
senting nine different flowering plant species 
from the arctic archipelago Svalbard and neigh- 
boring regions, Alsos et al. (p. 1606) show that 
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<< Imperfect Inner Core 


The Earth's inner core is not as stiff as would be expected for a solid- 
iron alloy, and one explanation for the deviation is that the inner 
core is partially molten. Belonoshko et al. (p. 1603) performed 
molecular dynamics simulations, 

could also reduce the inner core’s 
velocity. Their results, which are 
observations, suggest that the low rigidity of the Earth’s inner core 
arises from viscous grain boundaries and high diffusion within iron crystals 


jich show that crystal defects 
ity and decrease its shear wave 
closer agreement with seismic 


{ong-distance dispersal has occurred from vari 
‘ous source regions inthe Arctic during plant col 
‘nization ofthe Svalbard archipelago since the 
Last Glacial Maximum, Long-distance dispersal 
appears to have been much more common than 
previously believed, which in turn suggests that 
northward range shifts could occur rapidly fol 
lowing global warming 


From Local to 
Global Ecology 


‘Macroecology aims to build quantitative predic 
tions about the distribution and abundance of 
‘organisms at the scale of regions and even 
‘continents, and is relevant to the under: 
standing of biotic changes that may take 
place as a result of shifting climates. Kerr 
et al. (p. 1581) review recent progress in 
the macroecological research program and 
_8sse35 its potential practical benefits to the 
‘management of the consequences of global 
change. 


Focus on Fly 
Heterochromatin 


The DNA of eukaryotic genomes is packaged into 
chromatin. Euchromatin marks regions that are 
generally gene-rich and transcriptionally active, 
‘whereas heterochromatin (encompassing roughly 
30% of the genome in flies and humans) in- 
‘cludes regions that are generally transcription- 
ally repressed and often include densely 
repeated sequences. Such repetitive regions are 
intrinsically difficult to analyze with current DNA 
‘mapping and sequencing methods. Smith et al. 
{p. 1586) and Hoskins et al. (p. 1625) describe 
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a tour de force analysis of roughly 15 to 25 megabases of heterochromatic DNA from pericentromeric 
regions in the fruit fly Drosophila melanogaster. Mapping, sequencing, and annotation of the regions 
reveals that the great majority of the sequences is repetitive, consisting of retrotransposons, DNA 
transposons, tandem repeats, and satellite repeats, with ~9% of a unique sequence housing several 
hundred protein-coding genes and a smaller number of non-protein-<oding genes, 


Attention and Rhythm in Perception 

How does the nervous system enable communication between different brain areas or different neu- 
ronal groups? (See the Perspective by Knight.) Saalmann et al. (p. 1612) simultaneously recorded 
from two areas in the dorsal stream of the visual pathway, the lateral yparietal area (LIP) and the 
medial temporal area (MT), while monkeys performed a delayed match-to-sample memory task. 
Activity in LIP predicted activity in MT when the receptive fields of the LIP and MT neurons were in the 
same place and when the monkey was attending to that place. LIP feedback can thus account for 
attention-enhanced MT responses, Womelsdorf et al. (p. 1609) combined multielectrode recording 
data from three different experimental preparations to test the hypothesis that the phase relation 
between the rhythmic activity of groups of neurons determines the strength of their mutual influence 
and found a heavy dependence of the correlation on phase. These results suggest a mechanism by 
which signals are matched and coupled during complex perceptual and cognitive operations, 


The Gift of Giving 

In Europe, taxation rates are high, and 
services are funded by government spend: 
ing, whereas in the United Sats, low taes 
‘and higher philanthropic donations are the 
‘norm, Harbaugh et al. (p. 1622) have car 
fied outa neuroeconomic study to assess 
the degree of personal reward (as indexed 
by neural activation of renard elated brain 
areas) in response to mandatory (via taxation) and voluntary contributions to charity. Subjects experi: 
enced a hedonic reaction when tax revenues were transferred to a charity, and subjects who showed 
greater neural activation under this regime were more generous when charitable contributions were 
made voluntary. The sense of well-being in the voluntary giving condition surpassed that seen when 
Subjects were taxed. 


Tuning Immune Stimulation 

During vaccination, an additional stimulus to the immune response is often needed and is provided 
bya material called an adjuvant. Lipopolysaccharide (LPS) in the outer membrane of Gram-negative 
bacteria is a potent stimulant of the innate immune response, but the potential for toxic shock does 
not allow for its use in humans. A recently approved adjuvant, monophosphoryl lipid A (MPLA), has 
limited side effects compared to LPS from which it is derived (see the Perspective by Fitzgerald and 
Golenbock). Mata-Haro et al. (p. 1628) show that MPLA activates only a specific signaling compo- 
nent of the Toll-like receptor 4 (TLR4) pathway and avoids the myeloid differentiation factor 88 arm 
‘of TLR4 signaling, which can account for the much higher toxicity associated with LPS. Ohto et al. 
(p. 1632) determined crystal structures of the TLR4 co-receptor MD-2 alone and in complex with the 
antiendotoxic tetra-acylated lipid A core of LPS. MD-2 has a deep hydrophobic cavity that accommo- 
dates the four acyl chains of the lipid core. 


Signaling Central 
Wnt growth factors activate a signaling cascade that plays a key role in animal development, stem 
ell biology, and human cancer. Although many of the cascade components have been identified, how 
% they come together to transmit the signal from the plasma membrane inside the cell is not clear. Bilic 
= et al. (p. 1619) show that Wat ligands induce formation of large, ribosome-sized complexes, termed 
the low-density lipoprotein receptor—related protein 6 (LRP6) signalosome at the plasma membrane. 
3 The large protein assemblies contain activated Wnt receptors and cytoplasmic adapter proteins. The 
& scaffold protein Dishevelled and the Wnt co-receptor LRP6 play a central role in LRP6-signalosome 
8 formation, triggering subsequent molecular interactions that regulate the level of nuclear catenin. 
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EDITORIAL 


Nuclear Weapons Nonproliferation 


THE UNITED STATES IS CONSIDERING THE DEVELOPMENT AND DEPLOYMENT OF 
new nuclear weapon designs, the objective being to sustain the nation’s ultimate deterrent for 
the foreseeable fature.* These initiatives are presented as supporting the highest US. security 
priorities, which include countering the threats of terrorism and the proliferation of nuclear 
\weapons— priorities that are widely shared intemationaly. 

Proponents angue that the United States discussing, let alone deploying, new weapon designs 
has no significant impact on proliferation. Officials responsible for the ULS. nuclear weapons 
‘enterprise have made this point by considering the impact on three groups intemationally: existing 
nuclear powers, rogue states, and terrorists. According to this characterization, rogue states and 
terrorists pursue their own interests, disregarding intemational influence to the degree they can, 
‘And the balance of power remains essentially unchanged among existing nuclear powers. As a 
senior Chinese colleague put it, our nations remain effectively deterred whether or not 
the United States introduces new weapons ino its nuclear arsenal 

But the proponents’ argument is flawed because it ignores the vast 
majority of nations around the world: nonnuclear powers that do conform. 
to international norms. To the degree that it considers deploying new 
‘weapons, many of these countries view the United States as remaining 
aloof from its obligations under the Nuclear Non-Proliferation Treaty. 
Indeed, many of the acknowledged nuclear powers also express grave 
‘concerns that the United States” statements and actions may erode the 
nonproliferation regime by influencing the nonnuc 

Of couse, we cannot be certain how deploying new warhead types wil 
affect the nonproliferation regime: after all, science provides only part of the 
‘expertise required to inform policy, sothis issue has tobe approached with humility 
and care. But countering the proliferation of nuclear weapons remains one of our highest 
priorities. and there isthe real potential of undermining that geal, Simply stating, without evidence, 
that U.S. actions have no significant impact on proliferation amounts to ignoring the issue. 

This is especially the case given that the United States has exceptional technical talent in areas 
relevant to nonproliferation. The national laboratories have vast expertise in assessing nuclear 
programs of all kinds; in tracking nuclear materials and supporting their protection, control, and 
accounting: and in applying nuclear forensics. They provide training for intemational inspect 
participating in inspections as appropriate, and maintain collaborations with counterparts 
worldwide, Moreover, they have the analytic tools of the scientific method and can evaluate 
‘competing hypotheses about what does or does not contribute to enhanced proliferation. Yet rather 
than benefiting from this national capability. their expertise remains essentially untapped as 
different options for ULS. policy are assessed. This is an unnecessary oversight and a missed 
opportunity. The existing national capabilities should be explicitly charged to evaluate the 
international impacts of different nuclear weapons options being considered. 

It isall the more urgent that we do better as technical developments heighten, rather than 
diminish, the prospects for nuclear weapons proliferation. The knowledge, people, and materials 
associated with nuclear programs are spreading relentlessly, Indeed, a central reason why non- 
proliferation is among the highest security priorities for many countries is that there is already an 
‘enormous source of materials and expertise that can contribute to proliferation. Moreover, the 
‘community of fatent nuclear states has greatly expanded over the years and will continue to do so. 

It is therefore urgent that we collectively focus on the most effective means to counter the 
proliferation of nuclear weapons, including fully using the United States’ relevant technical 


bilities. Doing so will call more for intelligence and law enforcement—that is, for cooperative 
‘measures —than for traditional deterrence or military coercion, Partnering with nations around the 
‘world currently offers the most promising approach to the growing threat of nuclear arms.t 

~ Raymond Jeanloz 


“The United States Nuclear Weopons Program: The Roe of the Reliable Replacement Warheod (wwaaas.orginewseleased 
2007/mediatrw_seport_2007.pd). {Tis editorials adapted from R.Jeaox, Nonpxoliferation Threat of Nuclear Weapon 
‘Programs (presentation at the AAAS Symposium an Ethical sues in Nuclear Weapon Programs, Washington, DC, 16 Febeuary 
2007) (men cenceman oriegicorteraAull316583U154/0C1), 
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Thinking Unselfishly 


Problems that appear fiendishly challenging at 
first glance can seem childishly simple if viewed 
{from the perspective of another. The capacity to 
infer the mental states of others—theory of 
mind—is known to develop at approximately the 
same age in children raised in different cultures, 
but the ease with which adults access these mind- 
reading abilities has been suggested to vary across 
countries, from the collectivism of East Asia to the 
individualism of the United States. 

Wu and Keysar use a two-player game based on 
a 4-by-4 array of pigeonholes containing mundane 
objects, some of which are visible to both players 
and some only to the second, Directions (to movean 
object) that are completely unambiguous from the 


vantage point ofthe first player can, in fact, cause the second player to hesitate in choosing between two identical 
‘objects (only one of which is visible to the first player), They find, by tracking visual gaze and reaching movements, that 
Chinese reacted more quickly than Americans (nor-Asians) and were almost never distracted by the second object that 
they could see but that their playing partner could not. These results favor the proposal that cultures with greater 
‘emphasis on interdependence induce a greater readiness to adopt or acknowledge the perspective of the other, — GIC 


GeoLoay 
Volcanic Shakeup 


ally such large earthquakes in subduction zones, 
which are produced by large oceanmard slip ofthe 
‘overlying plate, induce some extension in the vol 
canic arc further landward. Such extension can 
lower the pressure on trapped magma, inducing 
‘or hastening eruptions or leading to further melt 
ing. The authors recommend a clase watch of gen: 
erally quiet volcanoes in Indonesia over the 
‘next few years. — BH 

Geology 35, 539(2007). 


The powerful Sumatra Andaman earthquakes of 
2004 (magnitude 9.3) and a few months later in 
2005 (8.7) caused considerable devastation in 
Indonesia and, a5 a result of a huge tsunami, the 
surrounding regions, Walter and 
‘Amelung now suggest that 
these earthquakes may 
{rigger an additional 
hazard. Such large 
subduction-zone 


ENVIRONMENTAL SCIENCE 


earthquakes have Fish Fatalities in 
been followed within the Field 
afew years by erup: 


tions inthe neighbor 
ing volcanic ar, in 

some cases from dor: 
‘mant or rarely erupting 
volcanoes; examples include 
eruptions after the major (mag 


‘Municipal wastewaters contain 
‘an enormous variety of chemi 
‘als, and fish located in down: 
stream waterways have been 
reported to show alterations in repro: 
ductive endocrine function. Such male fish 


nitude 9.0 or higher) earthquakes of 
Kamchatka in 1952, Chitin 1960, and Alaska in 
1964, Two volcanoes (Talang and Barren Island) 
erupted in Indonesia soon after the nearby 2005 
quake. Although the overall incidents are few, the 
pattern for large quakes is consistent and, accord 
ing to the authors’ analysis, statistically signif 
cant, Their numerical modeling shows that gener: 
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express proteins, such as vitellogenin, that are 
naturally found in the female reproductive sys: 
tem, and these males have been shown to develop 
early-stage eggs. I has been proposed that natu- 
‘aor synthetic estrogens in the water may con: 
tribute to the feminization of male fish, and con 
trolled laboratory studies support this claim. Kidd 
et al. describe in detail a whole-lake analysis of 


Psychol. Sci, 18, 600 (2007), 


wild fathead minnows that have been exposed to 
{ow concentrations of estrogens, The results, which 
span seven years, reveal that when the synthetic 
estrogen 17¢cethynylestradiol (as used in contra 
ceptive pills) was added to a lake in northwestern 
‘Ontario, levels of vitellogenin mRNA and protein 
increased, and male fish showed arrested testicu 
{ar development in comparison to fish in nearby 
‘untreated lakes. intersex fish—that i, males with 
primary stage oocytes—were observed, and 
female fish showed elevated vitellogenin and dis 
played delayed ovarian development. Further 
‘more, though its common to see fluctuations in 
wild fathead minnow populations, the experimen: 
tal population collapsed after the second season 
of estrogen addition. This work demonstrates that 
chemicals like those that are detected in munici 
pal wastewaters can affect wild fish reproduction. 
and population sustainability. — BAP 

Proc, Not. Acod, Sci U.S.A. 104, 8897 (2007). 


micRosioLocy 
Circumventing Host Mismatches 


For many human pathogens, the molecular fea- 
tures of host specificity have not been defined, and 
this presents hindrance to developing faithful 
animal models for diseases. A notable exception is 
the foodborne bacterium Listeria monocytogenes, 
in which the virulence factors internatin A and B 
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and their hast targets (E-cadherin and hepatocyte 
‘routh factor receptor, respectively) are known to 
‘promote adherence (the first step in infection) to 
‘nonphagocytic host ces. One successful way of 
‘making a laboratory model for listeriosis has been 
to humanize mouse gut epithelium by introducing 
‘human E-cadherin, but this can add unexpected 
variables to experimentation, Wollert etal. ave 
taken the obverse approach and adapted the 
pathogen to the mouse by using structure-based 
design to make individual amino acid substitutions 
in intemalin A. Substitution ofthe protine at posi 
tion 16 by glutamate together with a second sub 
stitution of a glutamate by a glutamine appears to 
equalize the binding affinities of internatin Afor 
‘human and mouse E:cadherins. In vivo experi 
‘nents confirmed that the engineered bacteria 
were competent to colonize the vil of mouse guts 
and cause systemic listeriosis. — CA 

Cell 129,891 (2007) 


DEVELOPMENT 
Staying in Touch with Satellites 


Adult skeletal musce is remarkably proficient at 
repairing itself after bouts of intense exercise or 
injury, thanks to a population of satelite cells 
that are located in between the outer sheath (the 
‘basal lamina) and the inner muscle fiber. Sate 
tite cells are normally quiescent, but in response 
tostress they begin dividing to generate new 


Satellite cells fuschia) and muscle fiber (green). 


‘muscle tissue and to restore the pool of satellite 
cells. An untesolved question is whether satellite 
cells are already committed muscle progenitors, 
true stem cells, ora mixture of the two. Using 
‘genetically manipulated mice and in vivo track 
ing of satellite cells, Kuang etal. found that this 
‘population is in fact heterogeneous. Satellite cells 
that coexpress the molecular markers Pax7 and 
Myl5 preferentially differentiate into muscle cells, 
Whereas those that express only Pax7 (about 1 in 
10) undergo self-renewal, thereby replenishing 
the satellite cel reservoir. Notably, Myf5-deficient 
satellite cells produced Myl5-expressing daughter 
cells when cell division was asymmetric; thats, 
when the mitotic spindle was oriented perpendic- 
tlarly to the axis ofthe muscle fiber. In these 
instances, the daughter cel that remained 
attached to the basal lamina became a new satel 
lite stem cell, but the daughter cell that lost con: 
tact with the basal lamina became committed to 
the muscle cell lineage. The authors speculate 
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that a perturbation of the balance between stem 
cell renewal and commitment to differentiation 
within the satelite cell population may be a con- 
tributing factor in human diseases such as 
Duchenne muscular dystrophy. — PAK 

Cell 129, 999 (2007). 


APPLIED PHYSICS 
Clean Up on Graphene 


Graphene, which comprises exfoliated sheets of 
graphite that are often supported on a dielectric 
substrate, can display unusual electronic proper: 
ties that arise through two-dimensional confine 
‘ment, and in device configurations, biasing of the 
dielectric can be used to contrat its conductivity. 
Although these materials are often assumed to be 
nearly ideal, in practice the dielectric layer could 
have trapped charges, and materials used in pro: 
cessing could remain on the graphene. ishigami 
etal. present atomic-resolution scanning tunnel 
ing microscopy studies of graphene devices sup 
ported on silica. Theas-processed graphene sur 
faces are covered with photoresist and could not 
be atomically imaged, even after solvent clean: 
ing. Exposure to an argon: hydrogen atmosphere 
at 400°C removes the photoresist layer and 
reveals the influence of the dielectric layer: In 
addition tothe expected hexagonal patterns, a 
triangular lattice is observed, either from film 
curvature or the effect of trapped charges. The 
graphene layer exhibits corrugations that follow 
the underlying substrate’s roughness. — PDS 
‘Nano Lett. 7,10:1021/n1070623a (2007) 


CHEMISTRY 
Whole Numbers for Half Cells? 


Electrochemical reduction potentials in solution 
are generally measured and tabulated relative to 
a chosen reference reaction atthe opposite elec 
trode. Leib et ol, have taken a step toward formu: 
lation of an absolute scale through gas-phase 
cluster experiments. They induced collisions 
between electrons and aqueous clusters of Ru?* 
hhexaammine fons, mass-selected to correspond to 
‘a bulk concentration of 1 M, and then they meas: 
‘red the energy dissipated upon electron capture 
by tracking hiow many water molecules evaporated 
{rom the cluster. This value in turn could be cor- 
rected for solvation free energies of reactant, 
‘product, and free electron to yield an estimate of 
solution-phase reduction energy. The authors note 
that although a solvated electron may stil differ 
substantially from a charge transferred directly 
through a metal electrode, the cluster method 
includes molecular solvent solute interactions that 
are otherwise very challenging to model. —}SY 
1.Am. Chem. Soc. 129, 10.1021420677940 
(2007. 
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Forecasting Global Warming’s 
Monumental Impact 


M you plan to see the Coliseum, Notre Dame, and other European landmarks, the new 
Vulnerability Atlas might help you decide which ones to visit first—before climate change 
ruins them. Aimed at policymakers and preservationist, the alas roughly maps how climate 
change caused by olobal warming could harm the continent’ historical monuments, statues, 
and buildings over the next century. Produced by Noah's Ark, a 3-year, €1.2 million project 
sponsored by the European Commission, the atlas marries climate modeling with research 
‘om how wood, stone, lass, and other materials are damaged by climate influenced factors. 
For example, it shows where in Europe attacks by wood-destroying fungi may increase 
because of warmer, wetter weather, 

Cristina Sabbioni, a physicist at the Institute for Sciences of the Atmosphere and 
Climate in Bologna, italy, who coordinated the project, says it's a “shame” that more 
attention has been paid to the impact of climate change on the skiing industry than on 
Europe's historical treasures. But attitudes may be changing. Later this month, UNESCO 
will cal for esearch on how climate change endangers cultural heritage globally, notes 
May Cassar of University College London's Centre for Sustainable Heritage. "Noah's Ark 
just scratched the surface,” she says, 
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Drug Addiction in Lisbon. “Air isa volatile with Fermilab’s DO detector supposedly see 


stronger evidence, albeit at a different mass, 


Something in the Air 


medium, and | do not believe air analyses 


Trace amounts of cocaine are wafting through 
the air in some cities, according toa study 
released last month. Conducted by the Institute 
for Atmospheric Pollution of the Italian National 
Research Council, 
the probe exam 

ed three cities 
Rome, Taranto in 
southern Italy, and 
Algiers in Africa. 
Algiers was “clean” 
and Taranto had 
little cocaine in 
its air, says vo 
Allegrin, director 
of the institute. But 
in Rome, which is 
home to more than 
10,000 co«: 
users, levels 
reached 0.1 nano: 
‘grams per cubic meter in spots. n some locations, 
the concentration of cocaine was more than 
10 times higher than that of dioxin, a ubiquitous 
pollutant, notes Angelo Cecinato, coordinator 
of the work 

Levels ar likely similar in other major 

cities, Allegrini says, And although media 
reports have jumped on the fact that the 
highest concentrations of cocaine were found 
near a university, Allegrini stresses that 
“we have not suggested any cause-relation.” 
Caution is warranted, says Norbert Frost of the 
European Monitoring Centre for Drugs and 


More than one 
kind of snow blows 
through Rome. 


«ould be a good way of tracking drug addiction,” 
he says. “Analyses on wastewaters are surely a 
more reliable survey tool.” 


Higgs Sighting du Jour 
Particle physicists’ most coveted prize, 

the Higgs boson, has been spotted again 
according to Internet gossip. In January 
bloggers reported that physicists working with 
CDF, one of two particle detectors fd by the 
Tevatron collider at Fermi National Accelerator 
Laboratory (Fermilab) in Batavia, linos, had 
seen signs ofthe particle. Now, researchers 
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BOTANY’S WAYBACK MACHINE 


The classic literature in botany dates back to the early 
days of the printing press. Check out some of these 
hoary texts at Botanicus, an online library run by the 
Missouri Botanical Garden in St. Louis. The 

site features digitized versions of almost 

200 titles published between 1480 and 

1935 on plant systematics. You'll fi 

works by German explorer Alexander von 

Humboldt, Harvard botanist Asa Gray, and 

Joseph Hooker, Darwin’s confidant and defender. Many 
texts feature lavish illustrations, such as this painting of 
the water lemon (Passiflora laurifolia), which comes 
from a 19th century series that catalogs exotic plants in 
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Terry Wyatt, a physicist at Manchester University 
inthe U.K. and DO co-spokesperson, says only 
that “it's not science until it’s been approved! 
for official release. 

With the brawinier Large Hadron Collider 
starting up next year in Switzerland and the 
Tevatron facing obsolescence, such rumors 
will likely protiferate, says Tommaso Dorigo, 

a CDF member from the University of Padua in 
Italy. “Rumors cannot be controlled because 
high-energy physics is a small world, and people 
have friends and like to talk about their work,” 
he says. Dorigo should know: He reported both 
rumors on his blog 
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A FRIEND AT NIH. Former White House aide I. Lewis “Scooter” Libby Jr. may 

have earned national scorn for lying about his role in the disclosure of a CIA 

agent’sid mains in the good graces of many political b and 

‘ast one prominent science administrator: Anthony Fauci, head of NIH's 

al Institute of Allergy and Infectious Diseases, 

with Donald Rumsfeld, Paul Wolfowitz, and Henry 

wer, Fauci wrote “presentencing” letter to the judge who 

presided over Libby's trial, vouching for Libby's 

honesty, unselfishness, and tireless efforts in 

* District Judge Reggie Walton released 
the same day he sentenced Libby to 


agent Valerie Plame’s cover was blown, 
Fauci says Libby contacted him after bi 


ing convicted: Anthony Fauci 
nt you to offer any opinion about 


“He said, “We don’t w 


whether 
offic 


'sjusta plea for mercy.” 1 letter, written on 
I NIH letterhead (which federal rules allow), explains how he worked 


closely with Libby during the past $ years on biodefense issues, including the 
drafting of the Project BioShield legislation 


IN THE NEWS Clinical Oncology in Chicago, lkinois the role of proteins in biological systems 
MUM'S THE WORD. Two cancer researchers | (Meanwhile, activist patients who want disease, and therapy in order to speed up 
who made skeptical comments about a the Dendreon product approved staged drug discovery. 
proposed anticancer drug have now gone _| a protest at the Capitol in Washington, D.C.) | The 43-year-old Sundstrm, who has 
silent after receiving phone and e-mail Hussain received similar threats, according | worked for the drug industry and is currently 
threats. Howard Scher of the Memorial to a 4 June story in The New York Times. chief scientist at Oxford University's 

Sloan-Kettering Cancer Center in New York | Both scientists are withholding comment Structural Genomics Consortium, plans to 

@ City and Maha Hussain of the University of | on the incident. build a staff of 100 young researchers to 


Michigan, Ann Arbor, expressed doubts about work on five specialty areas. He hopes 


# the adequacy of data from the Dendreon MOVERS that finding common themes, such as the 
& Corp. in Seattle, Washington, supporting a MORE STRUCTURE. | pathways involved in tumor growth, will 
F proposed “vaccine” for prostate cancer in Structural biologist | allow the research tobe carried out “ina 


Michael Sundstrém | more coordinated fashion than in a normal 
has been named academic environment.” Ulla Wewer, dean 
director of anew pro- | of health sciences, says the gift will sustain 
tein research center | the center for the first 5 years, after which 
being launched with | researchers wil seek outside grant support 


§ private letters to the U.S. Food and Drug 
Administration (FDA) while serving on an 
# advisory panel reviewing the application 
According to a Memorial Sloan-Kettering 
spokesperson, Scher began to receive 


extremely hostile, anonymous messages $108 million gift | to extend their work in cancer, Alzheimer's 
after his comments became public. Scher from Denmark's disease, obesity, and other fields. 

was given special security protection at last | Novo Nordisk Foundation. The center, based | Sundstrm starts in September, and the 
week's meeting of the American Society of | at the University of Copenhagen, will study | center will formally open in fall 2008. 


Two Cultures > 


BIRD'S-EYE VIEW. While most geologists stay on the ground, Michael Collier 
takes to the sky. An avid pilot and photographer, Collier has spent 3 decades ill 
minating the geological stories behind landscapes. In April, his 13th book was 
published—a glossy collection of photographs called Over the Mountains: An 
Aerial View of Geology. Several of the photos went on display last week at a solo 
show in the Washington, D.C., headquarters of AAAS (which publishes Science). 

Collier, 56, majored in geology, then spent a few years asa boatman on the 
Grand Canyon. He earned a master’s degree in structural geology, then 2 med- 
ical degree. When not photographing landscapes, he's a part-time family physi 
cian in Williams, Arizona. He has logged some 4000 hours in his 50-year-old 
Cessna 180, which he has nicknamed “Buzzard.” “When I'm cutting and curling 
at 1000 feet, the stories begin to pop out in three dimensions,” he says. (inset 
shows folded rocks at Sheep Mountain, Wyoming.) His next book is about rivers. 
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DRUG SAFETY 


Heart Attack Risk Overshadows 
A Popular Diabetes Therapy 


Regulators and physicians ar wain on 
the defensive, nervously struggling to interpret 
revelations about a popular drug. This time the 


worry focuses on a treatment for diabetes that 


two separate analyses have linked to heart 
attacks, The drug, Avandia, has been on the 
market fo nd has been taken by mil- 
lions of diabetes patients worldwide, In the 
3 weeks since a physician at the Cleveland 
Clinic in Ohio warned about a heart attack haw- 
ard, the furor has prompted congressional 
hearings, patient anxiety, and demands 
that the U.S. Food and Drug Administration 
(FDA) explain why potentially severe problems 
with an approved dru 
until now 

The Avandia case shares eer 


have gone undetected 


parallels 
with that of the anti-inflammatory dr 
Vioxx—except that Vioxx was clearly linked 
tohea + massive clinical trial 
‘and was quickly pulled off the market in 2004 
by its maker, Merck. The Avandia ease is, 
murkier. Stevei 


Nissen, chair of cardio- 
vascular medicine at the Cleveland Clinic, 
found an alarming signal in a meta- 
ysis of 42 Avandia trials. and experts 
still debating its implications, Nissen beg 


investigating after noting an increase in heart 
attacks in two trials published last year, The 
the differences were not statistically signiti- 
cant, but “I sat up and took notice 
Nissen, who also spoke out against Vioxx, 
To bring together a much broader swath of 


Avandia studies, Nissen used data released 


under a legal settlement by Avandia’s maker, 
GlaxoSmithKline, Sued in 2004 by New York 
Attorney General Eliot Spitzer on charges of 


ncealing data on the antidepressant Paxil 
J to post online trial 
results, During af in late April 
Nissen and Cleveland Clinic statistician Kathy 
Wolski melded data from dozens of Avandia 
ncluding results of 27 still unpublished. 
They found that patients on Avandia were 
43% more likely to have heart attacks than 
those in a comparison group. 

After Nissen and Wolski’s results appeared 
online on 21 May in the New England Journal 


the company had 


sre 


enetic We 


trials, 
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of Medicine (NEJM), Glaxo and FDA 
revealed that Glaxo had performed a similar 
alysis last year and found an increased 


information to FDA and posted it 
quietly on its Web site—so quietly 
that Nissen didn’t discover it 
until 2 days before submitting his 
‘own meta-analysis for publicatio 
But what, exactly, have the new 
data revealed? Even Nissen 


that meta-analyses, including his 


Metadata moment. The Cleveland Clinic's Steven Nissen testified 
before Congress about potential links between heart attacks and 


use of the diabetes drug Avandia. 


and Wolski’s. have drawbacks. The number of 
heart attacks identified in more than 27.000 
people was small: 86 in the Avandia group and 
72 in the comparison group. in trials that 
lasted at least 24 weeks. And because the indi- 


attacks. they did not use a 

Furthermore, meta-analyses combine trials 
that are different lengths and based on different 
types of comparisons. Because of the statistical 


ion. 


challenges, a meta-analysis is often “an 
absolutely imprecise measure of risk. 
Darren MeGuire, a cardiologist at the Univer- 
sity of Texas Southwestem Medi 
Dallas. But in the case of Avandia, 


The genome in 


ght 


we have." says MeGuire, and “thats the prob- 
lem, It’s uncertain, 
under the carpet 
Researchers note that Nissen’s work is 
strengthened by Glaxo’s own meta-analysis 
The company, however, is playing down the 


but you can’t sweep it 


results, Meta-analyses ar 


s of asking 


« them, says Anne 
Phillips. Glaxo’ clinical vice president for the 
cardiovascularand metabolic medicines devel- 
‘opment center. The company followed up with 
ional studly of 33,000 
patients in a health insurer's 
database and fo 


questions,” not answe 


observ 


in heart attack risk for those on 
Avandia, in a report published 
last week in Pharmacoepidemi 
ology and Drug Safety 

Outside Glaxo, McGuire and 


many others are concerned 


enough to be asking how Avan- 


reduces blood sugar mainly by 
aking many of the body's tissues 
re sensitive to insulin, This 
allows those tissues to better 


respond to the hormone and keeps 


Thi 
have broad effects, turning off o 
‘on dozens of genes. The class 
a troubled history, One member, 
the diabetes drug Rezulin, was 
yanked off the market in 2000 
after being linked to liver failure. 
Thiazolidinediones, including the 
two currently on the market, are 
known to increase the risk of fluid 
buildup and heart failure and carry warnings 
to that effect. Yet the heart attack signal has 
a surprise to many, in part because a 
study published in 2005 suggested that the 
other available thiazolidinedione—a drug 
called Actos from Takeda Pharmaceuticals 
and Eli Lilly—protects against heart attacks. 

The heart attack risk, if confirmed, may be 
specific to Avandia, and some observers sus- 
pect that the cause may be the drug's effect on 
lipids. A study published in 2005, led by 
Ronald Goldberg of the University of Miami 
reported that whereas Actos lowers triglye~ 
erides, Avandia raises them. Avandia also 
raises LDL, or “bad” cholesterol, more so > 


www.sciencemag.org 


5 
8 


FY 
Hy 


8 


than Actos, and it rises HDL. or “good” cho- 
lesterol, less, David Nathan, director of the dis- 
betes center at Massachusetts General Hospital 
in Boston, says this difference has made him 
reluctant to prescribe Avandia, On the other 
hand, says Jorge Plutzky. a preventive cardiolo- 
gist at Harvard Medical Schoo! in Boston, the 
uid buildup associated with both Actos and 
Ava 


lia may increase heart attack risk. 


Many researchers were banking on a 


PARTICLE PHYSICS 


Cooking and 
brain growth 


definitive clinical trial 
run in Europe, Aust nd 
called RECORD and funded by Glaxo. 
ardiovascular effects of 
In an interim analysis in NEJM last 
week (the trial is to end in late 2008), the 
study leaders found no heart attack signal 
associated with Avandia; they could not rule 


out the risk, either. But because the study 


reported a much lower rate of heart prob- 


Mount Doom's 
deadly spills 


lems than predicted, some are concerned 


that it may not be powerful enough toanswer 


this question, 
“The sin of it is that we're still not sui 
ain Nathan, Observers 


what's 
hope to learn more from an FDA advisory 
committee meeting slated for 30 July. For 
now, doctors and their patients are left to sift 
through data that’s far from complete 
“JENNIFER COUZIN 


Delay in Europe Could Mean Extra Year for U.S. Collider 


Physicists were hardly surprised when officials 
at the European lab CERN announced last 
week that the world’s new highesteenergy 


Will not start up in November as planned. 
Assembly of the $3.8 bill 
Geneva, Switzerland, was more than a month 


behind, 
Jong “engineering run” bet 
prohibitively expensive in t 
6 April, p.31), 

But with the LHC’s start-up delayed until 
April 2008, physicists in the United States are 
mulling another possibility: At a meeting kast 
‘week at Fermi National Accelerator Labora- 
tory (Fermilab) in Batavia, Mlinois, they b 
discussing whether to run the 
Tevatron collider for another year, thra 


time fora scheduled month- 
power becomes 
winter (Science 


% venerable 
2010. 

Justa year ago, Fermilab physicists worried 
that the Tevatron would shut down before 2009 
(Science, 2 June 2006, p. 1302). The 2009 
run now seems likely, and 


researchers are speculating 
about running longer. “I would 
not want to see anything done 


that would preclude running in 
2010,” says Terry Wyatt of 
Manehester University in the 
UK., who is co-spokesperson 
for the team working with DO, 
one of two particle detectors fed 
by the Tevatron. “S con 
tracts to start dismantling the 
machine in October 2009 
‘would be crazy.” 

The decision will begin 
With deliberations by the Part 
cle Physics Project Prioritiza- 
tion Panel (P5), which advises 


of Energy (DOE) and 
At the 
PS heard updates from researchers 
with DO and the rival CDF detector. 
The panel will make its official recommenda 


the US, Deparimer 
the Nat 


nal Science Foundai 


tion for 2009 next month, Because the Tevatron 
is cranking out copious data while the LHC is 
delayed. “one can anticipate th 
in 2009,” says PS 
of the University of C 


we will rec- 
air 
lifor- 


ommend runnin 
Abraham Seide 
a, Santa Cruz 

Making thecal for 2010 will be tougher. “It 
‘would take some unusual circumstances to, 
tify running beyond 2009," Seiden says. The 
Tevatror geta further lease on life if 
experimenters see signs of the long-sought 
Higgs boson or other particles, or if the LHC 
comes on slowly 

The timing will be tricky. To help DOE set 
its 2010 science budget, PS must weigh in by 
the end of next summer. But the LHC won't 


Overtime? Fermilab’s 
Tevatron collider could keep 
cranking through 2010, 


316 


start smashing particles until next July. “The 
problem is that by next summer the LHC is 
barely turning on, so we won't know how 
ping to go.” says Pier Oddone, 


things an 
director of Fermilab, 

Fermilab officials must also determine 
whether enough people will stick around to 
keep the Tevatron going. Research 
flocking to the LHC, and neither DO nor CDE 
ond 


sare 


has a formal nt to continue be} 
2009. However, Fermilab’s Robert Roser 


co-spokesperson for CDF, says that if 


archers see solid evidence of the Higgs or 
ething else, many will stay to cinch the 
discovery: “That would more or less guar 
tee we'll have enough people.” 

Running the Tevatron another year would 
cost about $30 million, Oddone says. He 
hopes DOE could squeeze that amount 
from its $750 million particle-physies 


res 


budget without affecting Fermilab’s neutrino 
experiments, work on the pro: 
posed International Lin 
Collider, and other projects 

No 
tron to run beyond 2010. To 
make progress, experimenters 
‘must continually improve the 


1e expects the Teva- 


collider to double and redou- 
ble the size of their data set, By 
running through 2010, the 
Tevatron should double the 
data it will have produced by 
the end of next year, But with 
no upgrades in the works, dou- 
bling it again would take 
4 more years. By then, the LHC 
should have long since buried 
the Tevatron, “ADRIAN CHO. 
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GLOBAL HEALTH 


Bush Boosts AIDS Relief: Cause for Applause and Pause 


sident George W, Bush announced 

May that he wants to double the budget 
for the AIDS program he initiated to help 
financially strapped countries battle their epi- 
demies, Democrats and Republicans alike 
applauded the move. Reflecting the sentiment 
(on both sides of the aisle, Representative Tom 
Lantos (D-CA), who chairs the House Com- 
mittee on Foreign Affairs that first authorized 
the President's Emergency Plan for AIDS 
Relief (PEPFAR) in 2003, said it was “music 
to my ears, and { will doll {ean to ensure har- 
monious support for it.” Many AID: 
ers immediately started to think about 
FAR Il, as some are calling it, could 
h more people with its prevention, care, 
and treatment efforts, 

But HIV/AIDS advocates who closely 
trick PEPFAR 'severy move hadi less char 
ble reaction to the proposed $30 billion plan, 
asserting that it’s misleading to 
bling. Congress, they note, has steadily 
priated more money to PE 
eal year 2008 payout totaling $5.4 billion 
close to the $6 billion a year Bush wants for 
PEPFAR II. “"To call the $30 billion adoubling 
isreally disingenuous," contends Asia Russell, 
‘who heads international advocacy for the 
Health Global Access Project in New York 
City, “Bush really announced a maintenance 
spending level for the next 
5 years” Even Anthony Fauci, 
head of the National Institute 
of Allergy and Infectious 
Diseases in Bethesda, Mat 
land, and an architect of 
the original PEPFAR, says 
$30 billion represents a 
“slight to modest increase.” 

On top of these monetary 
concerns, advocates and scien- 
tists alike want Congress to 
remove constraints on how 


Number of 
With PEP! 


‘Several sciemtists who were involved with 
the IOM evaluation, although praising Bush's 
leadership and ongoing commitment, see 
ample room for improvement. One of those, 
James Curran, former HIV/AIDS chief at the 
Centers for Disease Control and Prevention in 
Atlanta, Georgia, and now dean of the Rollins 
School of Public Health at Emory University, 
also in Atlanta, says that earmarking finds for 
abstinence programs often pits PEPFAR 
against other donors and country plans. A 
study done by the Government Accountability 
Office reported in April 2006 that™meeting the 
spending requirement can undermine the inte- 
_gration of prevention programs” by, for exam 
ple, forcing countries to cut funds for thwarting 
mother-to-child transmission or for education 
smpaigns that target groups at high risk of 
ming infected. 

PEPFAR. which is authorized to run 
through 2008, to date has supported the anti- 
HIV treatment of more than 1.1 million people 
in 12 sub-Saharan African countries, Haiti, 
Guyana, and Vietnam, (Support can include 
anything from providing drugs to training 
health-care workers, funding labs. or helping 
these 15“focus” countries develop policy.) By 
the end of September 2006, PEPFAR officials 
say it had supplied anti-HIV drugs to more 
than $00,000 infected pregnant women to pre- 


bes 


individuals Recei ntiretroviral Treatment 


R Support 


PEPFAR money can be spent. 
When Bush first proposed 
PEPFAR as a 5-year, $15 bil- 


lion program, he insisted on 


specific provisions in the legis- 


lation, the most controversial of 


Which requires that one-third 
of the money spent on preven- 


tion must go toward pro- 


moting abstinence before 
re. A March Institute 


735,000 


ine (IOM) report 
strongly urged Congress to 
remove these earmarks. 
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Making the grade. If PEPFAR stays on track, it wil support the treatment 
of 2 million HIV-infected people in poor countries by the end of 2008. 


‘vent transmission of the virus to their babies 
and provided care to 2 million AIDS orphans, 
Another 18.7 million people received HI 
tests and counseling. “Lots of people’ livesane 
being saved” says Mark Dybul, the Global 
AIDS Coordinator who heads PEPFAR, 

Bash’ latest proposal is “unquestionably 
doubling of resources” says Dybul. He says 
PEPFAR‘ critics highlight “relatively minor 
issues” such as the size othe increase and the 
earmarks. ignoring the fact that many other 
developed countries contribute relatively ithe 
to the plobal HIV/AIDS effons IFT were an 
activist, | wouldn't be focusing on the $30 bil- 
Tion but asking where’ the rest of the world so 
that we can expand service?” (The Group of 
Eight indusralized nations, which includes 
the United States, last week announced that it 
‘would spend $60 bilion on HIV/AIDS “over 
the coming years,” half of which would come 
from PEPFAR IL.) 

Tn March, Representative Barbara Lee 
(D-CA) introduced a bill that would strike the 
abstinence-only earmark from the original 
PEPFAR authorization; the bill is currently 
under consideration, Barry Bloom, dean of 
Harvard Schoo! of Public Health in Boston, 
says he hopes Congres excises al ofthe eat= 
marks when it writes the legislation reauthoriz- 
ing PEPFAR, probably in early 2008. “That 
kind of blanket micromanagement ends up 
wasting the public's money.” says Bloom, 

Other critical isuesare how many people 
PEPFAR will treat and whether it will expand 

ounires. Dybul says PEPFAR wil 
bitits target of having 2 million on treatment 
next years PEPFAR I calls for supporting the 
treatment of another half-million people, 
bringing the total to 2.5 milion. The relatively 
small increase reflects the fact that PE 
has slowly ramped up whereas PEPFAR Il 
will start off with atleast 2 million on the 
treatment rolls and millions more in preven- 
tion programs. And rather than adding more 
focus countries, PEPFAR I calls for estab 
lishing “partnership compacts” that would 3 
Fequite new countries to increase their own § 
spending on HIV/AIDS and teat 
tems in order to receive PEPFAR funds. j 
& 


into more 


Michael Merson, who heads the Duke 
Global Health Institute in Durham, North C 
olina, and once ran the Global AIDS Program & 
forthe World Health Organization, sayshe be 
“delighted” if Congress supported the pre: 5 
dent's request: “Whether it’ enough or not 
enough, it'sa lot more than we're doing for & 
other global health needs. JON COHEN 5 
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Initiative Aims to Merge Animal and 
Human Health Science to Benefit Both 


Medical and veterinary science are like sib- 
lings who have grown apart, But now, there’. 
furry of efforts to reunite them, Proponents of 
this idea, called “one medicine” or “one 
health,” say that breaking down the walls 
between the two Fields will help fight diseases 
that jump from animals to humans, 
such as SARS and avian 
influenza, and advance both 
human and animal health, 
In April, the Ameri- 
can Veterinary Medical 


Association 
(AVMA) decided to 
establish 12-member 


task foree to recom- 
mend ways in which 
vets can collaborate 


with colleagues in 
human medicine. In late 

June, the house of del ws 

of the American Medical Associa- 


tion (AMA) will vote on a resolution in sup~ 
port of strengthened ties between schools of 
medicine and veterinary seience, increased 
collaboration in surveillance and the devel- 
opment of diagnostics, drugs, and vaccines 
across species barriers, and a “dialogue” 
with AVMA, The theme is also on the pro- 
gram at infectious-disease meetings in 
Europe and the United States this year. 

Although still closely connected in the 
19th century. human and animal medicine 
became increasingly disconnected in the 
20th. Recent health emergencies have 
occasionally driven them back into each 
other's arms. The global outbreak of the 
HSN1 avian influenza strain, for instance, 
has led to closer ties between the human 
and animal health agencies at the global 
and country levels, 

Butsuch collaborations are the exception 
when they should be the norm, especially 
now, With dangerous new zoonoses popping 
up, says Laura Kahn, an internist at Prince~ 
ton University. During the 1999 West Nile 
outbreak in the United States, vets saw birds 
dying while doctors noticed an uptick in 
patients with neurological symptoms, but it 
took a while before someone made the con- 
nection, Concrete plans still need to be 
fleshed out, Kahn says, and obstacles 
abound: For instance, educational collabora- 
tions could be tough in the United Stat 


8 where there are only 28 vet schools, often in 
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rural areas, versus more than 140, mostly 
urban-based, schools of medicine. 

The benefits of collaboration could go 
beyond zoonoses, says Jakob Zinsstag ofthe 
Swiss Tropical Institute in Basel. For 
in Chad, Zinsstag has helped 


instance, 


paigns for livestock and 
humans, which has helped 
raise vaccination rates of 
hard-to-reach nomadic 
populations. In the 
United Kingdom, 
It’s all connected. 
Human and animal 
medicine should grow 
closer together, One 
Health supporters say. 


the Comparative Clinical 
Science Foundation has 

announced plans to fund cross- 
species studies in areas as diverse as cancer, 
aging, and genetic disorders—which will 
jeld different insights than the use of animals 
‘as models for human disease, Kahn says. 

The term “one medicine” was coined in 
1960s by Calvin Schwabe, a veterinary sci- 
centist and epidemiologist at the University 
of California, Davis, who died last year. The 
push to put his ideas into practice 
froma fairly small number of people. Kahn, 
who became a convert from studying 
ing diseases and bioterrorism, got the 
all rolling with an art 
Infectious Diseases last year. She also wrote 
"vision statement” —together with Florida 
Kaplan and former gov- 
ernment virologist and biotech executive 
Thomas Monath, now at the investment 
firm Kleiner Perkins Caufield & Byers in 
Menlo Park, California—supported by 
dozens of prominent researchers, Thi 
found an enthusiastic champion in AVM. 
President Roger Mahr. 

Ina way, the movement is also a struggle 
by veterinarians for a place at the table in 
public health, says Joan Hendricks, dean of 
the University of Pennsylvania's vet school. 
“We have been knocking politely at the door 
fora while.” she says, but human medicine 
hhas been slow to respond. But ifthe AMA 
resolution gets passed next week, she adds, 
“it would be a phenomenal support.” 

MARTIN ENSERINK 


Hubble Due for Fall 
2008 Makeover 


W's official: In 15 months, NASA will send a 
space shuttle to service the aging Hubble Space 
Telescope. Plans to return to Hubble were put 
‘on hold 4 years ago after Columbia disinte 
‘rated. NASA chief Michael Griffin pledged last 
year to reverse his predecessor's decision to let 
Hubble die, but the space agency waited until 
Atlantis lifted off from its Florida launch pad 
last week to put the 10 September 2008 servic: 
ing flight on the busy shuttle schedule, 

the maintenance mission —itsfifth—is 
successful, Hubble will sport two new instru 
iments. The Cosmic Origins Spectrograph and 
Wide Field Camera 3 will, respectively, measure 
the structure and composition of matter and 
‘examine the universe in multiple wavelengths, 
By replacing gyroscopes and filling the fuel 
tank, the mission is also expected to extend the 
life ofthe telescope, first launched in 1990, to 
2013. That's also when NASA intends to launch 
its James Webb Space Telescope, Hubble's 
follow-on. ANDREW LAWLER, 


Peer Review Peered 

At, Reviewed 

Two new panels will try to figure out how to 
tweak the vaunted peer-review process atthe 
National institutes of Health (NIH) to cope 
with soaring numbers of applications and 
other pressures on the agency. 

NIH has created two working groups—one 
‘external, one internal—to examine the “con 
tent, criteria, and culture of peer review” in 
light of flat budgets, arising number of grant 
applications, shrinking success rates, and a 
dearth of experienced reviewers (Science, 

20 April, p. 358). The external committee is 
co-chaired by cel biologist Keith Yamamoto 
of the University of California, San Francisco, 
‘8 member of the last review panel 8 years 
‘ago. Yamamoto expects the new panel to 
probe the current emphasis on preliminary 
‘results and weigh the proper balance between 
the bona fides ofthe investigator and the 
value of the projec itself. The internal group, 
co-chaired by Jeremy Berg, director of the 
National Institute of General Medical Sciences, 
will examine the same issues. Both panels are 
to gather input and report back in December, 

Meanwhile, a House spending panel last 
week voted to add $750 million next year to 
the agency's current $29 billion budget, a 
2.6% raise that lags biomedical inflation. The 
increase drops to 1.9% if $200 million 
tagged for the global AIDS fund is removed. 

JOCELYN KAISER AND ELIOT MARSHALL 
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HIV/AIDS 


AIDSTruth.org Web Site Takes 


Aim at ‘Denialists’ 


Il but vocal group of AIDS 
dissenters” has attracted intemational atten- 
tion by questioning whether HIV causes the 
disease, Many AIDS researchers from the out- 
set thought it best to ignore these challes 
But last year, another small and equally vocal 
group decided to counter the dissenters 
whom they call “denialists”—with a feisty 
Web site, AIDSTruth.org. It has started to 
antract international attention itself. “Its great.” 
says Mark Wainberg, head of the McGill AIDS 
Centre in Montreal, Ca We really need 
to get more people to understand that HIV 
dlnialism does serious harm, Anal we were in 
denial about deniatism for a long tim 
Launched by AIDS researchers, clini- 
cians, and activists from several countries, 
AIDSTruth.ong offers more than 100 links to 
scientific reports to “debunk denialist myths” 
and “expose the denialist propaganda cam- 
paign for what it is... to prevent further harm 
being done to individual and public health.” 
The site also has a section that names denial 
ists and unspari 


ly critiques their writings, 
variously accusing them of homophobia, 
“scientific ignorance of truly staggering pro- 
portions.” conspi “the dogmatic 
repetition of the misunderstanding. misrepre- 
sentation, of mischaracterization of certain 
scientific studies,” and flat-out lies. “There 
\was a perceived need to take these people on 
in cyberspace, because that’s where they oper- 
ate mostly, and that’s where the most vulnera~ 
ble people go for their information,” 
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AIDS 
w of 


Says immunologist John Moore, a 
researcher at the Weill Medical Coll 
Cornell University in New York City. 

Peter Duesberg, a prominent can 
cher at the University of Califon 
Berkeley. whom colleagues have pilloried 
ever since he first questioned the link between 
HIV and AIDS in 1987, remains unswayed by 
the Web site, which he derides mail 
imerview asa “scientifically worthless mix of 
ad hominems, opinions, intolerance, and reli 
instead of a theory and 
Duesberg maint nany essential 
questions Isthe“HIV-AIDS 
hypothesis” remain unanswered 

Two factors led Moore and like-minded 
thinkers (who now number 11) to take off the 
gloves and hit back with AIDSTruth.org. 
in March 2006. One was 
of Harp 

“Out of Control, AIDS and the 

Corruption of Medical Sei which 
chronicled Duesberg’s travails for challeng- 
ind also questioned the safety and 
iveness of an anti-HIV drug that’s 
widely used to prevent transmission from an 
infected mother to her baby. Moore and other 
Web site co-founders wrote a 35-pag 
tique of the article. The second trigger was the 
situation in South Africa. “Many people who 
had fought deniatism in the early 1990s had 
lost interest in the subject. but in South Africa, 
itwas at its peak.” explains another founder of 
the Web site, Nathan Geffen of South Africa's 


gious ener, 


Truth be told. Protesters around the world assailed 
South Africas health minister for questioning the 
worth of anti-HIV drugs 


‘Treatment Action Campaign, Geffen and oth- 
ers worried that his government might use the 
Harper's 

“South Africa has more people living with 
HIV than any other country, and itsalso been 
place where AIDS denialism has had politi- 
cal support with terrible results, 

The no-frills Web site re 
ing, doesn’t pay contributors, and fi 
no ads. It refuses to debate whether HIV 
causes AIDS, which it says “is as cet 


le to justify further inaction, 


nas 
the descent of humans from apes and the 
falling of dropped objects to the ground,” 
has also posted articles by authors of pe 
reviewed publications who believe their 
findings have been distorted by peopl 
ing to prove that HIV/AIDS is a ruse 
denialists tend to be grotesquely ina 
says Richard Jefferys, an activist with the 
Treatment Action Group in New York City 
who also helped start the site. “It’s almost 
like the more outrageously inaccurate the 
claim is, the more they repeat it” 

To the delight of Jefferys and others, a 
Supreme Court judge in Australia in April 
cited a debunking article on AIDSTruth.org 
inaclosely followed case that involve 
convicted of endangering life for not reveal- 
ing he was infected with HIV to sexual part- 
ners, The man appealed, claiming that no 
studies prove HIV causes AIDS, His defense 
one of 
‘whom was extensively questioned about alle- 
gations that she had misused a researcher's 
results on sexual transmission of HIV. The 
questions were inspired by an editorial posted 
on AIDSTruth.org. The judge concluded that 
neither defense witness—both of whom are 
branded as denialists on AIDSTruth.org 
\was qualified to express opinions on these 


questions. “Theresa constant concern that by 
rebutting these things, you're giving them 
more credence—there’s a thin line between 


slaying the monster and feeding it. 
Jefferys. “The judge’s decision m: 
site seem really worthwhile 
AIDSTruth.org has seen its popularity 
rise from about 60 unique visits a day to 150. 
Butas Moore notes. “we're certainly not h 


the denialists. they re not going to disappear 
says Moore. “And they don’t like the fact 
we can get in their faces. They're used to 
ing unchallenged. 
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HYDROLOGY 


River-Level Forecasting Shows No 
Detectable Progress in 2 Decades 


And you thought weather forecasters had it 
tough, Hydrologists looking to forecast the 
next flood or dangerously low river flow must 
start with what weather forecasters give 
them—predictions of rain and snow, heat and 
cold—and fold that into myriad predictive 
‘models, Then those models must in tum fore- 
cast how rain and any melted snow will flow 
from rivulet to river while liable to loss to 
evaporation, groundwater, reservoirs, and 
farmers’ fields, During their century in the 
forecasting business, hydrologists have devel- 
oped a modicum of skill, but a newly pub- 
lished study fails to find any improvement 
during the past 20 years in forecasting river 
levels out 103 days. 

“It'sa pretty shocking result.” says hydrol- 
gist Thomas Pagano of the US. Department 
of Agriculture's Natural Resources Conserve 
tion Service in Portland, Oregon, who was not 
involved in the study. If the new 
results are widely applicable, 
we're treading water in terms of 
skill" Theanswer, Pagano and oth- 
ers say, is for hydrologi 
ers to evaluate their past perform- 
ance much more rigorously. 
Grading past foree: 


2s 


20 


as 


10 


how much water was added by melting snow 
Versus how much soaked into the ground. 

Inthe April Bulletin of the American Mete- 
orological Society (BAMS), Welles and col- 
leagues report mixed results. Forecasters 
showed real skill in predicting river levels 
1 and 2 days in advance compared with 
assuming that river levels would not change. 
But despite new models, more-powerful com- 
puters, better ways of displaying data and 
results, and even improved precipitation fore- 
casts from NWS, the |- and 2-day predictions 
didn’t become more accurate over the | or 
2 decades of the verification study, atleast in 
the two areas studied, 

Troubleshooting hydrologic forecasting to 
understand why it’s been resisting improv 


structured verification,” says 
expert opinion o ad hoc experience.” BA MS 


Oklahoma River Forecast Skill 


long been standard pra 
weather forecasting. Such for 
§ cast verification has shown that 
the introduction of Doppler radar 


Root mean square forecast error (feet) 


in the early to mid-1990s really 

i did lengthen warning times of tor 

¥ nadoes. Weather forecasters also 
‘compare proposed improvements 
in forecasting procedures against 
past performance before adopting 
them, Yet “little verification of 
hydrologic forecasts has been 
conducted to date.” says hydrologist Edwin 
Welles of the National Weather Service 

§ (NWS) in Silver Spring, Maryland. 

: So Welles—who has worked at NWS since 


1994—tackled hydrologic verification in his 
2005 dissertation for the University of Ari- 
& zona. He considered NWS forecasts and 
observations of river levels during 10 years at 
§ four locations in Oklahoma and during 
§ 20 yearsat 1 locationsalong the mainstem of 
the Missouri River. On the Missouri, forecast 
location had 500 to 1000 upstream bas 
3 feeding waterto it. Each basin required its own 
§ set of calibrated predictive models, each pre- 
8 dicting a different step in water flow, such as 
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Year 


‘lat-tining. Although errors in river-level forecasts (solid tines) can 
bbe smaller than a simple assumption of no change (dotted lines), 
errors have not declined with changes in forecasting procedures. 


Editor-in-Chief Jeff Rosenfeld agrees. Writ- 
ing in an accompanying editorial, he finds 
that the Welles paper makes the point th 
“forecasting must include verification if it is 
to be sciemtific. Every forecast is like a 
hypothesis, and in science every hypothesis 
‘must ultimately be tested” 

NWS is taking Welles’ research seriously 
Itbegan verifying river forecasts at all 4000 of 
its locations last year. And last fall, an NWS 
team produced a plan based on Welles’ 
research that should lead toa single hydrolog 
Verification system by 2011. By then, for 
casters should be stroking against the current 
toward better forecasts. RICHARD A. KERR 


War on TB 


The World Health Organization (WHO) has 
jumped on the news wave following the 
Atlanta Lawyer who flew commercially to sev- 
eral countries with a dangerous form of tuber- 
culosis. WHO's Stop TB Partnership will issue 
‘new guidance this month for countries bat 
ting drug-resistant forms ofthe disease 
Although TB is curable, drugs fail in one-third 
‘of people with multidrug-resistant strains and 
im more than two-thirds of those with exten: 
sively drug-resistant forms. 

WHO's Paul Nunn says strengthening labs 
in the developing world is key. “South Africa 
thas more laboratories capable of doing cul 
ture and drug-susceptbilty testing than the 
‘est of the continent put together,” he says, 
The plan also calls for expanding surveillance 
‘and implementing infection-control measures 
in hospitals. The plan's estimated yearly cost 
is $1 billion, but Nunn predicts it would save 
1.2 million lives by 2015. -JON COHEN 


Trial for Vaccines 


Parents who blame vaccines for their chil 
dren's autism finally have their day in court. 
Congress shielded vaccine manufacturers 
from liability in 1986, requiring that claims 
be filed with the U.S. Court of Federal Claims 
in Washington, 0.C., before a federal com: 
pensation fund pay damages. More than 
4800 parents have filed claims since 1999, 
and the court began hearing evidence this 
week in a representative test case, 

The main focus is on a mercury based pre 
servative called thimerosal. Epidemiologists 
hhave found no link between autism and this 
ingredient, which has been phased out of 
almost all childhood vaccines (Science, 

12 September 2003, p. 1454). “This sort of 
palaver has the potential to inhibit vaccina 
tion,” rues William Schaffner of Vanderbilt Uni- 
versity in Nashville, Tennessee, A ruling could 
take as long as year. ERIK STOKSTAD 


Get Back to the Lab 


Asian research funding could soon eclipse 
European public and private spending on 
research and development (R&D), says a new 
report released by the European Union (E.U.). 
China could overtake the E.U. by 2009 in 
terms of R&D spending as a percentage of 
‘gross domestic product, the report says. It 
notes that European industry contributes less 
to research: only 55% of total R&D spending, 
compared to 64% (U.S.), 67% (China), and 
75% (both Japan and South Korea). 

DANIEL CLERY 
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GENOMICS 


DNA Study Forces Rethink of 
What It Means to Be a Gene 


Genes, move over. Ever since the early 1900s, 
biologists have thought about heredity prim- 
bs in terms of genes, Today, they often view 


ss compact, information-laden gems 
hidden among billions of ses of junk DNA. 
But genes, itturns out, are neither compact nor 
uniquely important, According to a pain- 
staking new analysis of 1% of the human 
genome, genes can be sprawling, with far- 
flung protein and regulatory regions 
that overlap with other genes, 

oped 


Ft of the Eney of DNA 


says Francis Collins, director of the National 
Human Genome Research Institute (NHGRI) 
in Bethesda, Maryland, “we're beginning to 
understand the ground rules by which the 
‘genome function: 
Once the human genome sequence was in 
hand by 2003, NHGRI set up ENCODE to 
eam what those 3 billion ar so bases were all 
about. The initial 4-year, $42 million effort, 
which tackled | 
brought new and existing 
computation: 


» of the human genome, 
experimental and 
approaches to bear, mapping 


chains of amino acids by ribosomes, For other 
types of “genes.” RNA is the end product 
Ribosomal RNAs become the backbone of 
the ribosome, for example. 

Researchers used to think very little RNA 
‘was produced beyond mRNA anda smattering 
of RNA end products. But about half the 
scripts that molecular biologist Thomas Gingeras 
of Affymetrix Inc. in Santa Clara, California, 
discovered in his RNA surve 
didn’t fit into these categories (Science, 
20 May 2005, p, 1149), a finding ENCODE 
has now substantiated, The ENCODE 
researchers knew going in that the DNA they 
were studying produced about eight non- 
protein-coding RNAS, and they have now dls- 
covered thousands more. “A lot more of the 
ap in RNA than most people 


2 years ago 


1556 


Elements (ENCODE) project, 35 research 
teams have analyzed 44 regions of the human 
xteriome covering 30 million bases and figured 
out how each base contributes to overall 
genome function. The results, compiled i 
paperinthe 14 June issue of Natureand28 papers 
inthe June issue of Genome Research, provide 
alitany of new insights and drive home how 
complex our genetic code really is, For exam- 
ple, protein-coding DNA makes up barely 
2% of the overall genome, yet 80% of the bases 
studied showed signs of being expressed, says 
Ewan Birney ofthe European Molecular Bi 
ogy Laboratory's European Bioinformatics 
Institute in Hinxton, U.K., who led the 
ENCODE analysis. 

Given the traditional gene-centrie perspec- 
tive, that finding “is going to be very disturb 
to some people.” says John Greally 
lar biologist at Albert Einstein Col 
Medicine in New York City. On the other hand, 
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jatory DNA and 
other important features such as wene start 
sites. NHGRI now plans to spend about 
$23 million annually over the next 4 years to 
jimilar analysis of the whole 
-xpecting that the lessons learned 
from the pilot ENCODE and new sequencing 
technologies will greatly reduce the costs of 
this extended project (Science. 25 May, 
p. 1120).“The goal isto measure all the differ 
cent kinds of features across the human genome 
and ask which features go together to unde 
stand the whole package.” srys George Weinsiock, 
a geneticist at Baylor College of Medicine in 
Houston. Texas. 

A key component of the pilot ENCODE is 
an analysis of the “transcriptome,” the repe 
toire of RNA molecules that cells create by 
transcribing DNA. For protein-coding genes, 
most of their RNA transcripts—the messen- 
ger RNA (mRNA)—get translated into 


\would have predicted” says Collins 

ENCODE has produced few clues as to 
‘what these RNAsdo—leaving some to wonder 
\Whether experimental artifacts inflated the per- 
centage of DNA transcribed, Greally is satis- 
fied that ENCODE used enough different 
techniques to show that the RNA transcripts 
are real, but he's not sure they're biologically 
important. “Its possible some of these tran- 
scripts are just the polymerase [enzyme] chug. 
ging along like an Energizer bunny” and tran- 
scribing extra DNA, he suggests, 

But in the 8 June issue of Science (p. 1484), 
Gingeras and his colleagues reported that 
‘many ofthe mysterious RNA transcripts found 
as part of ENCODE harbor short sequences, 
conserved across mice and humans, that are 
likely important in gene regulation, That these 
transcripts are “so diverse and prevalent across 
the genome just opens up the complexity of 
this whole system,” says Gingenas > 


wwwisciencemag.org_ 


The mRNA produced from protein-codin; 
genes also held surprises. When Alexandre 
Reymond, a medical geneticist at the Univer- 
sity of Lausanne, Switzerland, and his col- 
leagues took a close look at the 400 protein- 
coding genes contained in ENCODE’ target 
DNA, they found additional exons—the 
regions that code for amino acids—for more 
than 80%, Many of these newfound exons were 
located thousands of bases away from the 
gene’s previously known exons, sometimes 


hidden in another gene, Moreover, some 
mRNAs were derived from exons belon 
two genes, a finding, says Reymond, t 


SYNTHETIC BIOLOGY 


“underscores that we have still not truly 
answered the question, “What is a 
addition, further extending and blurrin, 
boundaries, ENCODE uncovered a slew of 
the DNA 
sequences where transcription begins —many 
located hundreds of thousands of bases away 
from the known start sites, 

Before ENCODE started. researchers knew 
of about 532 promoters, regulatory DNA that 
helps jump-start gene activity, in the human 
DNA chosen for analysis, Now they have 
775 in hand, with more awaiting verification. 
Unexpectedly, about one-quarter of the pro- 


novel “start sites” for genes 
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moters discovered were at the ends of the g 
instead of at the beginning. 

The distributions of exons, promoters, gene 
start sites, and other DNA features and the exis- 
tence of widespread transcription suggest that a 
multidimensional network regulates gene 


expression, Gingeras contends that because of 


this complexity, researchers should look at 
RNA transcripts and not genes as the funda- 
mental functional units of genomes. But 
Collins is more circumspect. Th 
concept that’s not going out of fashion," he pre- 
dicts. “Iesjust that we have to be more thought- 
ful about it” ELIZABETH PENNISI 


Attempt to Patent Artificial Organism Draws a Protest 


n about maverick 


An activist group's cones 
genome sequencer J. Cra 
to patent an entirely synthetic free-livir 
ism has thrown a spotlight on the emery 
ing intellectual-property landscape in this hot 
new field, The protesters claim that V 


\vants his company to become the Microsoft 
of synthetic biology, dominating the industry 

Vent life form, 
\hich he says does not yet exist, as 


hopes to use the artifici 


for genes that would enable the bug to crank 
out hydrogen or ethanol to produce cheap 
energy. Duke University law professor Arti 
Rai says the patent, if awarded, 
problematic” only if Venter's product became 
the standard in the field, But Venter says this 


application is just the s 
‘methods that would cover more than the sin- 
ule microbe described in the application 
“Weil certainly like the freedom to operate on 
all synthetic ory 
chassis for swappii 


tt He plans to patent 


isms" that could serve 


sa 


out genes, says Venter, 
whose research team is at the nonprofit 
J. Craig Venter Institute in Rockville, Mary- 
Jand, but who recently st 

commercialize the work. 


ted a company to 


Filed last October and published by the 
US, Patent and Trademark Office on 31 May. 
the application describes “a minimal set of 


protein-coding genes which provides the 
information required for replication of a free- 
living organism ina rich bacterial culture 
medium.” The application cites work by 
Hamilton Smith and others on Venter's team 
ona simple bacterium called Mycoplasma 


genitalium that they are using to determine 
the minimum number of 
\want to synthesize this 
from scratch, x 


add genes to produce cheap fuels (Science 
‘ebruary 2003, p. 1006), 


nology watchdog in Ottawa, Ca 
‘Venter’s “monopoly claims... the start of a 
high-stakes commercial race to synthesize and 
TC calls for 
patent offices to 


privatize synthetic life forms.” 
the USS. and inter 


reject the patent so that societal implications 
ed 


Newsweek interview in which the scientist 


can be considered. ETC also 


says he wants to create “the first billion 


trillion-dollar organism.” 
Venter says thisis just 
applications that would 
Synthetic Genomics Inc., exclusive 
‘methods for making synthetic organisms. The 
Aificial Mycoplasma “may or may not be 
one used to generate hydrogen or ethanol, 


ive his company, 


Future monopoly? 
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he says; his team is working on several 
species. “We haven't given any thought to” the 
licensing conditions, but in any ease, they 
\Wwould not impede work in academic labs, says 
Venter, adding, “This is a problem that we 
hope will have hundreds of solutions.” 


Raisays the notion that Venter’s Micoplasma 
strain will dominate the way Microsoft's W 
dows did is tenuous because “about 10 things 
\woulk have to happen.” among them that Vi 
\would create the organism, get the patent, and 
cxhers would adopt his technology as the st 
dard. Even ifthat happened, Venter “could do 
well [financially] and do good.” she says, by 
licensing the technology at low cost as a 
research tool, as happened with the original 
patents on recombinant DNA technology. 
Other synthetic biologists don’t seem 
fazed. “He's shooting an arrow in the general 
direction that things are going” says Frederick 
Blattner of the University of Wisconsin. 
Madison, who has patented a stripped-down 
Escherichia coli and founded a company 
called Scarab Genomics that is commereializ~ 


ing the technology while disbursing it to a 
demic researchers for a small cost, The more 
pertinent quest 
Church, is whether the inventors’ claims to 
have devised something useful will hold up. 
as there's no obvious reason why completely 


says Harvard's George 


synthetic Myeoplasma is needed rather than 
say, modified £, coli to make hydro; 

Massachusetts Institute of Technology 
synthetic biologist Tom Knight, who has 
pointed out that anyone could et around the 
patent simply by adding more than the 
enes stipulated, says his complaint is 
that the application doesn’t explain how to 
build the artificial cell. “I think it’s rather 
Knight says. 


tasteless, 
JOCELYN KAISER 
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RICHARD WRANGHAM WAS LYING 
beside a f 
Boston 10 years 


at home on a cold winter n 


when his mind wandered 
inids to cook food. He ima 


to the first hoi 


ined a smal 


roup of Homo erectus huddled 
around a campfire in Africa, roasting a le 


Wildebeest and sharing a morsel of si 
potato or manioe 

Asa Harvard University primatologist 
who studies wild chi in Africa 
Wrangham knew that cookin 
relatively few uniquely human abilities. He 
also knew that our habit of predigest 
food by heatin, 
yon di 


is one of the 


t allows us to spend less 


ene stion. And he suddenly realized 


that cooking is not merely the basis of culinary 
culture, It would have ur ancestors & 
bi With cookin 
we should see major adaptive ch: 
Wrangham, H. cooking paved the 
\ay for the dramatic expansion of the human 
brain and eventually fueled cerebral accom- 


wvolutionary advantage. 


plishments such as eave painting. writi 
symphonies, and inventing the Internet. In 


15 JU 


fact, Wrangham presents cooking as ¢ 
thea 


swers to @ long-standing riddle in human 


evolution: Where did humans get the extra 


energy to support their 


Expanding the brain demands a new 
supply of energy. because human brains are 
voracious. The brain consumes 60% of the 
energy expended by a resting newborn baby. 


And a resting adult's brain uses 25% of its 


energy. as opposed to 8% used on average by 


ape brains. But humans consume about the 


same amount of calories as smaller-brained 


‘mammals of similar body size—for example, 


small women have the same basal metabolic 


rate as large chimpanzees, 


jon for this phenome 


One clas 


ic expt: 
‘hon is that humans 
thei 


sastrointestinal 
brains for guts as they shifted toa 


ity diet of more meat. That theory is now 


ering additional support (see sideba 


in addition, our 


ancestors ving them the same 


‘number of calories for less effort, He floated 
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Joy of cooking. Cooked food 
provides easy calories, but did 
Her 


rectus have camplires? 


his hypothesis back in the late 
1990s (Science, 26 March 
1999, p, 2004), but now he's 
championing it with a slew of 
new data, some of which he 
presented at a recent sympo- 
sium.” “Even small differences 
in diet can have big effects on 
survival and reproductive suc~ 
cess," he says, 

Other researchers are enthu- 
siastic about th 
They show 
importance of energ 


‘the fundamental 
y bu 


inhuman evolution,” sayspaleo- 
anthropologist Robert Foley of 
Cambridge U 

UK. But many aren't conv 
by Wrangham’s arguments that 
the first cooked meal was pre- 


versity inthe 
wed 


pared 1.9 million to 1.6 million 
years ago, when the brain 
began to expand dramatically 
in 11, erectus, They think that 
althoug 
shrinking the gut may have been 
important at this time, the culi- 


nary explosion came later, perhaps during the 
evolution of our own species less than hall a 


mnillion years ago. “What all these adaptations 


are about is inereasing the bang for the buck 


nutritionally.” says William R, Leonard, a bio- 
logical anthropologist at Northwestern Univer- 
sity in Evanston, Ilinois. “The challenge ulti- 
mately is to work out the exact timing of what 


Jed to what.” 


Boosting brainpower 
Even those unsure about the role of cooking in 
rucial 


human evolution agree that somethi 


must have happened to our ancestors’ energy 
bu 


ret Line up the skullsofearly hominids and 
you'll see why: From 1.9 million to 200,000 
years nsize 

The earliest members of the human family 
including the australopithecines that lived 


‘our ancestors tripled their 


from 4 million to 1.2 million years ago (see 
timeline, p. 1559), had brains about the size 


logy Meets Paleoanthropology Conference,” 
University of Cambridge, United Kingdom. 


Human Events 


pearance of eet hominids 
ee eiton to saon years 90) 


6Ma 5 Ma 


of chimpanzees, The brain didn’t expand dra- 
ly until just after H. erectus appeared in 
AMtica about 1.9 million years ago (where it is 
also known as 17, ergaster), with a brain that 
eventually averaged 1000 cubic centimeters 
(ce), or about twice the size ofa chimpanzee’s. 
‘The next leap in brain capacity came 300,000 0 
200,000 years ago with the evolution of our 
whose brains average 1300 ec, 
(1500 ce), 
‘What spurred this dramatic growth in the 
H. erectus skull? Meat, according to & long- 
standing body of evidence. The fist sone tools 
a thiopia about 2.7 million 
o, along with evidence that hominids 
‘were using them to butcher scavenged car- 
asses and extract marrow from bones, But 
big changes don’t appear in human anatomy 
‘until more than 1 million years ater, when a 
ear-old skull oF. ervetus shows it 
was twice the size of an australopithecine’s 
Walker of 
Pennsylvania State University in State College, 
At about that time, archaeological sites show 
that 7, enecrus was moving carcasses to camp 
sites for further butchering and sharing: its 
tweth, jaws, and guts all got smaller, The tradi- 
tional explanation is that /7. ereenus wasa better 
fhunter and scavenger and ate more raw meat 
than its small-brained ancestors. 

Buta diet of wildebeest tartare and antelope 
sashimi alone isn’t enough to account for these 
dramatic changes, says Wrangham. He notes 
that /1, ereenes had small teeth—smaller than 
those of its ancestors—unlike other camivores 
that adapted to eating raw meat by increasing 
tooth size. He argues that whereas earlier ances~ 
torsate raw meat, 1, erectus must have been 
roasting it, with root vegetables on the side or as 
at fallback when hunters didn’t bring home the 
bacon, “Cooking produces soft, energy-rich 
foods.” he says. 

To find support for his ideas, Wrangham 
‘went tothe lab to quantify thenutritional impact 

i of cooking. He found almost nothing in food 


science literature and began to collaborate with 
physiologist Stephen Secor of the University of 
Alabama, Tuscaloosa, who studies digestive 
© physiology and metabolism in amphibians and 
§ reptiles. Secor’ team fed 24 Burmese pythons 
i ‘one of four diets consisting ofthe same number 
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of. 
‘Appearance: 


aie 


Ma 2Ma 


of calories of beef: cooked ground beef, cooked 
intact beef, raw ground beef, or raw intact beef. 
‘Then they estimated the enerzy the snakes con- 
sumed before, during, and after they digested 
the meat, by measuring the declining oxygen 
content in their metabolic chambers. Pythons 
fed cooked beef spent 12.7% less energy 
digesting it and 23.4% less energy ifthe meat 
was both cooked and ground. “By eating 
cooked meat, less energy isexpended on diges- 
tion; therefore, more energy 
other activities and growth.” says Secor, 

Secor also belped Wrangham and graduate 
student Rachel Carmody design a pilot study in 
‘which they found that mice raised on cooked 
‘meat gained 29% more weight than mice fed 
‘aw meat over S weeks. The mice eating cooked 
food were also 4% longer on average, accord: 
ing to preliminary results. Mice that ate raw 
chow weighed less even though they consumed 
‘more calories than those fe cooked food. “The 
energetic consequences of eating cooked meat 
are very high.” says Wrangham. 

The heat from cooking gelatinizes the 
matrix of collagen in 
animal flesh and opens 
up tightly woven ear- 
bohydrate molecules 
in plants to make them 
easier to absorb. This 
translates into less 
time spent chewing: 
Chimpanzees spend 
3 hours on average 
chewing their food whereas hunter-gatherers 
‘who cook spend I hour chewing per day. In fact 
Western food is now so highly processed and 
easy to digest that Wrangham thinks food labels 
‘may underestimate net calorie counts and may 
beanother cause of obesity. 

The immediate changes in body sizes inthe 
mice also suggest that our ancestors would 
have been able to get rapid benefits out of 
cooking. says Wrangham. Thats why he thinks 
there would be litte lag time between leaming 
to cook and seeing anatomical changes in 
Jumans—and why he thinks early #1. erectus 
‘must have been cooking. Less chewing and 
gnawing would lead to smaller jaws and teeth, 
as Well as to a reduction in gut and rib cage 
size—all changes seen in H. erectus. Those 
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“Even small differences in 
diet can have big effects on 
survival and reproductive 
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changes would be favored by selecto 
nant chimpanzees that nab the biggest fruit in a 
tree, for example, have more offspring, says 
Wrangham. “It seems to me that groups that 
cook would have much higher reproducti 
fitness.” he says. 


‘synthesis of nutritional, archaeo- 
logical, and primatological data adds up to a 
provocative hypothesis that hot cuisine fueled 
the brain. “I's such a nice explanation,” says 
paleoanthropologist Leslie Aiello, president of 
the Wenner-Giren Foundation in New York City. 
‘She says the smaller teeth in /7 erectus indicate 
to her that it wasn’t chewing much tough raw 
food: “Something must be going on, only 
there were evidence for fire’ 

And that’s the stumbling block to 
‘Wrangham’s theories: Cooking requires fire, 
Irrefutable evidence of habitual cooking 
requires stone hearths or even clay cooking 
vessels. Solid evidence for hearths, with 
stones or bones encircling patches of dark 
ground or ash, has 
been found no earlier 
than 250,000 years 
ago in several sites 
in southern Europe. 
‘Charred bones, stones, 
ash, and charcoal 
300,000 to 500,000 
years ago at sites in 
Hungary, German 
and France have also been assigned to hearths. 
‘And burmed flints, seeds, and wood found in a 
hearthlike pattern have been cited as signs of 
controlled fire 790,000 years ago in Israel 
(Science. 30 April 2004, p, 725) 

But even the earliest of those dates are long, 
after the dramatic anatomical changes seen in 
HL erectus, says Wrangham, He notes that evi- 
dence for fire is often ambiguous and argues 
that humans were roasting meat and tubers 
around the campfire as early as 1.9 million 
years ago. 

Indeed, there are a dozen claims for 
campfires almost that ancient. At the same 
meeting. paleoanthropologist Jack Harris of 
Rutgers University in New Brunswick. New 
Jersey, presented evidence of burned stone 


success.” 


ichard Wrangham, 
Harvard University 
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tools 1.5 million years ago at Olduvai Gorg 
in Tanzania and at Koobi Fora in Keny 
along with burned clay. 1. ervetus has been 
found at both sites. 
high temperatures 1.5 million years ago a 
Swartkrans, South A friea, and clay burnt at 
high temperatures 1.4 million years 
the Baringo basin of Kenya. 


sarily cooking fire: None of these teams can 
rule outbeyond a doubt that the chari 

from natural fires, ahough Harris argu 
cooki 
leave a trail different fro 
\Which often bum as low as 100°C 


Swapping Guts for Brains 


Cooking is the latest theory to explain how humans can feed their vora 
ious brains enough calories to survive (see main text), but there's 
‘another, classic explanation: As our ancestors began to eat more meat, 
they took in enough calories at each meal to permit their guts to shrink, 
saving energy from digestion that in turn helped fuel the brain, Called the 
expensive tissue hypothesis, this theory was proposed back in 1995 when 
paleoanthropologist Leslie Aiello, then of University College, London, and 
physiologist Peter Wheeler of Liverpool John Moores University discovered 


the tradeoff in guts and brains in 18 species of pri 
mates. They found that our gastrointestinal tract is 
only 60% of the size expected for a primate of simi 
lar size Science, 29 May 1998, p. 1345). 

Now, after a decade of stasis, the idea is getting 
new support from studies of birds, fish, and primates. 
Researchers are also expanding the theory by show- 
ing that these energetic tradeoffs only happen in ani: 
mals that grow up slowly, suggesting thata slowdown 
in juvenile development set the stage for a large 
brain. “I'm extremely happy that people are taking 
this up," says Aiello, “Now we're going to get some- 
where with it” 

Aiello’s hypothesis languished in the late 1990s, 
aller researchers sought an energetic tradeoff in other 
animals—and didn’t find it, Small-brained birds such 
a chickens don't have big guts, for example. And pigs 
have small brains and smal guts, 

But more nuanced animal studies are now shoring 
Up the theory. Last year, Carel van Schaik and Karin 
Isler of the Universit of Zurich clarified the situation 
in birds. Most birds, streamlined for long flights, 
already possess relatively small guts, they explained 
in the Journal of Human Evolution. So the energetic 
tradeoff happens instead between brains and pec 
toral or breast muscles: Bigger birds such as turkeys 
need bigger pectoral muscles to get airborne, and 
they have smaller brains—these are “the dumb ones 
wwe like to eat,” says van Schaik. Those with bigger 
brains have smaller pecs 

The hypothesis also “holds up very well” in sk other 
species of primates, based on preliminary data on wild 


Claims by other 


rchers include animal bones burned at 


But where there is smoke there isn’t neces- 


comes 
that 
2 fires burn hot at 600° to 800°C and 
n that of bush fires, 


All the si 
H, erectus ares 


ie, those most familiar with 
‘t convinced they were chefs. 
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with fire, he and oth 
il of 
stone tools. Othersa 


years ago, the lower faces of Neandet 
modern humans be 


earth 


monkeys and apes, says van Schaik. Brainy capuchin monkeys, for example, 
eat a high-quality diet of insects and bird egos and have tiny guts. Howler 


and gut, 


Big, bigger, biggest. The brain of 
‘Australopthecus (top) is half the size 
cof Homo erectus (middle and one-third 
the size of H. sapiens (bottom). 


Walker says that if the species was cooking 
should have found a 

res associated with its bones and 
ree: “I think Wrangham's 
timing is wrong: cooking is associated with the 
rapid expansion of the brain in Neandertals 
and modern humans in the past half-million 
says neurobiologist John Allman of 
the California Institute of Technology in 
Pasadena. Paleoanthropologist C. Loring 
ce of the University of Michigan, Ann 
200,000 

als and 
me smaller, and this is, 
about the same time evidence appears for 


campfi 


ees. He notes that less tha 


ven cookery 
under control back near $00,000 years, its use 
in the systematic preparation of food has only 
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While fire has been 


‘monkeys have tiny brains and big guts to digest bulky leaves and fruit. “The 
new data beautifully show the tradeoff, ram for gram, between the brain 
saysneurobiologis John Allman of the California Institute of Tech 
‘nology in Pasadena, 

{In another paper in press in the Journal of Human Evolution, van Schaik 
and Duke University graduate student Nancy Barrickman confirm earlier 
reports that primates can grow a big brain only if they adopt a particular 
life history strategy. Van Schaik’s team shows that 28 species of pri: 


mates, from tiny mouse lemurs to great apes, have 
slowed their metabolic rates, thus prolonging their 
juvenile years, postponing the age at which their fist 
offspring are born, and living longer. This kind of life 
history is thought to be an adaptation for decreasing 
infant mortality and boosting maternal health in ani 
mals in which the adults have good chances for sur. 
vival, says paleoanthropologist Jay Kelley of the Uni 
versity of illinois, Chicago, It also allows primate brains 
time to grow larger and more complex before adult 
hood. “Once they slowed down life history, the big 
brain was inevitable,” says Kelley 

Preliminary evidence from the eruption of 
molars in three Homo erectus juveniles, including 
the Nariokotome skeleton from Kenya, fits with this 
idea: The teeth suggest that this species had just 
begun a particularly dramatic developmental stow: 
down during childhood, a slowdown that reached an 
‘extreme in modem humans, says Christopher Dean 
of University College London. 

In this scenario, our ancestors slowed down their 
development even more as their brains got larger, 
which required additional energy from a smaller gut 
and better diet. Thus, the expensive-tissue hypothesis 
‘works in primates and other mammals whose young 
grow up slowly, but not in animals that grow up fast 
and die young, such as pigs. The energetic tradeoff 
with the brain can only happen if brains have enough 
time during development to grow big. “It turns out 
Leslie {Aiello} was exactly right—with a footnote,” 
says van Schaik. 


-AG., 


been over the last 100,000-plus years” 


human brainpower. As Aiello observes 


of several converging factors that accen 


each other in a fe 


sources of energy to fuel the brain 


upright walking and runnin; 


the timing for cooking hardest to test. 
Regardless, “it's all be 
says Aiello, 


inning to come 
ANN GIBBONS 


Others, sch as Carel van Schaik of the 
University of Zurich, think that cooking may 
have played an important role early on 
with other adaptations to expand 
the 
big brain was apparently the lucky accident 
vate 

dback loop. Critical 
ame 

-es—more meat, reduced 


The order in 
which our ancestors adopted these energy- 
saving adaptations is under hot debate, with 
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Florida Red Tide Brews Up Drug 
Lead for Cystic Fibrosis 


‘Among the nasty compounds produced by the organism responsible for Florida's red 
tides is one with some surprising properties 


Karenia brevis packs a powerful punch fora 
tiny organism, The culprit behind Florida’s 
notorious red tides, the dinoflagellate pro- 
duces a dozen toxins, And wh 
ides with an onshore bre meency 
ce for an influx of patients: The 
onganism’s airborne poisons, collectively 
known as brevetoxins, constrict bronchioles 
and send asthmatics and others with breathing 
difficulties serambling for treatment. So the 
last thing you might expect from this nasty 
organism is a compound that alleviates 
Wheezing and shortness of breath and helps 
clear mucus thom the lungs. Yet one oddball in 
K. brevis's armamentarium, a compound 
called brevenal, does just that, at least in 
sheep. It's being evaluated as a potential treat- 
ment for the debilitating lung disorder cystic 
fibrosis (CF), which afflicts 30,000 people in 
the United States, and researchers are poised 
to test it on Florida’s endangered manatees 
next time some of the mammals are poisoned 
by ared tide. 
Brevenal’s surprising properties have 
been under investigation since the com- 
§ pound was first discovered in 2004 at the 
Center for Marine Science (CMS) at the 
University of North Carolina, Wilmington 
New findings reported at the Society of 
Toxicology meeting in Charlotte, 
North Carolina, in late March 
indicate that the compound binds 
toanovel receptorin the lung, and 
that a synthetic version seems to 
work as well as the natural 
pound in laborator 
tests. Yet to be determined, how- 
ever, is just why K. brevis pro- 
duces a compound that counter- 
acts some of the effects of its own 
fearsome suite of toxins. But then 
again, it's not clear why it produces those 
toxins either, notes CMS Director Danie! 
Baden 


coil 
rooms br 


From beach to bedside? 

The oceans have long been touted as a 
potential source of new drug c: 
and researchers have systematically scoured 
sponges, corals, and marine microorganisms 
for likely compounds. Brevenal wasn’t 
found that way: A shortage of guppies for 


routine toxicology screening led to its 
serendipitous discovery. 

CMS pharmacologist Andrea Bourdelais, 
was measuring the lethality of extracts iso- 
lated from brevetoxins by adding a tiny bit 
of test material to a beaker containing water 
and a guppy. If the fraction is toxic, the fish 
dies, Toxicologists usually retire fish that 
survive such tests to prevent subsequent 
chemical interactions, but the laboratory's 
supply of guppies was running low, so 
Bourdelais reused the survivors. When she 
added a known toxic fraction to beakers 
with leftover guppies, to her surprise, they 
did not dic. “I had a spontaneous gut 
a gee-whiz moment—that the 


= iat 


feeling 


first material was an antidote 

to the second one,” Bourdelais recalls, 
Bourdelais subsequently showed that the 
mysterious extract (later named brevenal) 
protects guppies from death by brevetoxins 
in a dose-dependent fashion. The lab 
already had discovered that brevetoxins act 
on sodium channels, so Bourdelais used a 
standard lab test to check whether brevenal 
prevents the toxins from binding to the 
sodium channel receptor. It did. Bourdelais 
then sent the mysterious compound to 
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Split personality. Karenia brevis (inset), which causes Flori 
produces an antidote to its own bronchoconstricting toxins 


15 JUNE 2007 


NEWSFOCUS L 


William Abraham, research director at 
Mount Sinai Medical Center in Miami 
Beach, Florida, who had determined that all 
brevetoxins set off bronchoconstriction in a 
sheep model of asthma, Brevenal, he dis- 
covered, suppresses this effect. 

Defective sodium transport is a hallmark 
of CF: it draws water away from airway sur- 
faces, making mucus drier and stickier. 
Sodium channels are therefore a primary 
target for CF drugs, so Abraham compared 
brevenal to the CF drug amiloride in the 
sheep model. In the January 2005 American 
Journal of Respiratory and Critical Care 
Medicine, he reported that brevenal not only 
blocks bronchoconstriction, but it also 
increases mucus elearance—and it does so 
at concentrations | million-fold lower than 
amiloride, “We were excited that brevenal 
may have potential as a CF drug,” says 
Abraham, based on its apparent potency 
compared to amiloride, which has a 
medivere track record in the clinic, Also 
intrigued was AAI Pharma Ine... company 
headquartered in Wilmington, North 


oe 


's red tides (above), 


nse 


Carolina. It negotiated an exclusive fi 
in 2004 to explore breven: 
treatment for CF 

Since then, Baden, Bourdelais, Abraham, 
and their colleagues have continued to 
probe brevenal’s modus operandi, At the 
toxicology meeting, they reported that it 
acts on a new drug target: It binds a novel 
receptor in lung tissue associated with 
voltage-gated sodium channels: amiloride 
binds a related receptor, the epithelial 
sodium channel receptor. Baden also 
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reported that chemists in the laboratory of 
Makoto Sasaki at Tohoku University in 
Sendai, Japan, have synthesized brevenal 
from cheap starting materials. Dubbed ME-1, 
the synthetic agent performs as well as natu- 
ral brevenal in receptor-binding assays and in 
preventing bronchoconstriction and clearing 
Jung mucus in sheep. Baden reported. 
Promises of new therapies for CF surf 
regulatly, but many fizzle out. And in spite of 
its early promise, brevenal still has a long 
way to go. Steve Fontana, vice president of 
legal affairs at AAT Pharma, says the com- 
pany’s scientists are evaluating brevenal and 
its derivatives for safety and biological activ- 
ity. Once they find the best drug candidate, 
the company will file an Investigational New 
jon with the U.S. Food and 


GEOPHYSICS 


Drug Administration (FDA), but clinical tri- 
alsare several years out 

In fact, humans may not be the first 
test subjects for brevenal’s therapeut 
potential. That honor may go to Florida’s 
endangered manatees. 
"A red tide event spreads like a wildfire 
and poisons birds. fish, sea turtles, mana- 
tees,and dolphins.” says Andrew Stamper, a 
veterinarian at Disney's Animal Programs in 
Lake Buena Vista, Florida. In March and 
April of this year, about 30 manatees died 
following a red tide spike, and 130 died in 
1996 from red tide poisoning. Only 3000 of 
the mammals are estimated to live along 
Florida's coast 

In February, Stamper received a “com- 
passionate use” permit from FDA to evalu- 


Stalking a Volcanic Torrent 


The setting of the climax of the Lord of the Rings, New Zealand's Mount Ruapehu is 
earning a second reputation as a laboratory for understanding killer mudslides 


MOUNT RUAPEHU, NEW ZEALAND—From 3 
helicopter, the steaming lake nestled in the 
snowy crater below looks inviting, like a 
giant Jacuzzi for Maori gods, But taking a 
dip would be a bad idea: Mount Ruapehu’s 
rocky chalice burbles with scalding sulfu- 
ric acid. The otherworldly volcano was 
used for scenes of the hobbit Frodo ascend- 
ing perilous Mount Doom in the Lord of 
the Rings. But the real Mount Doom is a 
killer, 00. Cradling a deep lake between its 
2500-meter peaks, Ruapehu is prone to 
lahar flows, one of the most dangerous 
and least understood —voleanic hazards. In 
1953, a lahar (an Indonesian word meaning 
mudslide) here knocked out a train bridge: 
5 minutes later, a passenger 
train plummeted into a gorge. 
killing 151 people. 
arlier this year, Ruapehu's 
\cidic lake was unleashed again. 
Noxious waters blasted down the 
slopes, picking up rocks as big as 
cars along the way. But this time, 
not a single person was hurt, 
Not only was the lahar pre- 
dicted by an early warning sy 
tem, but the event also generated 
“orders of magnitude more 
than for any other lahar event 
anywhere in the world,” says, 
Vernon Manville, a volcanologist 
at the Institute of Geological and 
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Nuclear Sciences (GNS) in Taupo, New 
Zealand. “This has been a 10-year experi- 
ment in the making.” The information 
mother lode should help scientists better 
protect the millions of people who live in 
the path of lahar-generating volcanoes 
around the world 


Wiring up Mount Doom 
In 1995, Ruapehu's roughly 50-year eyele of 
eruptions kicked in again, Gobs of lava 
burped up from the bottom of the « 
adding 7 meters of loose ash and stones, 
called tephra tothe rim. The deepened crater 
soon filled with snowmelt from above and 
sulfuric acid and other material from 


. 


Bracing for the big one. Readying for 3 world first: recording 
data from a volcanic lahar in action. 


ate the safety and effectiveness of brevenal 
in manatees, Stamper’ colleague, veterinar- 
ian David Murphy of Lowry Park Zoo in 
Tampa, Florida, will test brevenal on res- 
‘cued manatees brought to the z00's rehabili- 
When poisoned by brevetox- 
ins, manatees become paralyzed and drown 
because they cannot hold their head above 
water to breathe. Murphy straps lifejackets 
underneath rescued manatees and supports 
their half-ton bodies in shallow tanks, Nor- 
mal breathing resumes ina few days, but full 
recovery takes months, Brevenal “will add a 
new weapon in our arsenal,” Murphy says, 
The next time a red tide hits, “we'll be ready 
to go.” says Stamper. 


tation center 


~CAROL POTERA 


(Carol Potera isa science writer in Great Falls, Montana, 


fumaroles below. One of Ruapehu's grum- 
bles late last year triggered an earthquake 
that whipped the lake into a frenzy, slam- 


before the teph 
Jahar, says Manville 

But exactly when the big one would strike 
‘was unknown, The inherent unpredictability 
of lahars is what makes them so dangerous, 
ssiys Cynthia Gardner, a geologist at the C: 
cades Voleano Observatory in Vancouver, 
‘Washington. Most eruptions are preceded by 
a telltale increase in underground vibrations, 
swelling of the slopes, and changes in the 
composition of vented gases, But a lahar 
can occur without warning.” Gardner says. 
Besides eruptions and earthquakes, even a 
heavy rain can be enough to loosen unstable 
material at the top of many steep voleanoes. 
Gravity does the rest. 

Another deadly aspect of lahars is the 
great distances they can travel down river 
valleys, sometimes hundreds of kilometers 
froma volcano. 
rushing surge 
that’s tens of meters thick” and carrying 
boulders, trees, and even houses. The best 
chance of survival is to get out of the way 
only lahars are too fast to outrun, The dead- 
liest lahar in recent history occurred in 1985, 
‘when an eruption of the Nevado del Ruiz 
volcano in Columbia triggered mudslides 
50 meters thick that buried a town 70 kilo- 
‘meters away, killing 23.000 people. 

To warn of an impending lahar at 
Ruapehu, a team led by Harry Keys, an engi- 
neer at the New Zealand Department of 
Conservation, wired up the mountain. His 

oup installed underground microphones. 
called geophones, at the lake's rim to record 


im failed and caused a 
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‘Mount Doom, brooding, Data from Ruapehu’s lahar flow will help better protect millions of people living near other volcanoes, 


vibrations. A but 


ed wire was set to trip ifthe 


tephra dam broke, and a depth meter was 
deployed in the lake to record sudden drops. 
Geophones on the slopes listened for 
approaching flows. When any signal leaped. 
above the bac an 
ly to scientists, 


pund noise, 


larm mes- 


sage was sent automatica 
police, and the highway authorities. 
Scientists thought this would give a 


good idea of when a Ruapehu lahar would 


strike; where was another question, “What 


we'te learning is that lahars evolve 
Sarah Fagents, a geophysicist at the Uni- 
versity of Hawaii, Manoa. Although a lahar 
may start as a liquid with the low viscosity 
of water, it quickly becomes as thick as wet 
fas it picks up fine sediment, then 


morphs back into a less-viscous flow as it 


sheds particulates down the slope. As if that 


weren't already hard enough to simulate on 


computer, as a lahar rips up material here 


and dumps it there, the changin, 
steers the flow 

“A whole lot of footwork” was required to 
record how Ruapehu’ slopes looked before a 
ick, says Alison Gracttinger, a 
uate student at the University of Waikato in 
nearby Hamilton. The grunt work included 
taking samples and Global Posit Sys 
tem measurements to map out the composi- 


terrain 


lahar st 


rae 


tion and distribution of material on the 


slopes. The researchers also used light detec- 


ng (LIDAR) 


mensional models of land f 


tion and rai 
build three 
tures by firing laser pulses and measurin 


hnology to 


the 


delay of the reflection, 
By early 2007, all that remained on the 
scientists’ to-do list was to install the last 


lahar-weighing sensor and a camera. Before 


the team could finish, nature intervened. 


Chronicling its wrath 
At 11:21 a.m, on 18 March, a 20-meter- 


Wide section of the tephra dam crumbled. 


The breach trebled in size in 1¢ 
its peak, the lake dischan 
of an Olympic swimmi 


nutes. At 


ed the equivalent 
pool of water 


every 4 seconds. By the time the flow ended 
a couple of hours later, 1.3 million cubic 
meters had drained, 

For the first time ever, researchers knew 
a lahar was on the way and watched the 
event unfold, 

The ultimate cause of the dam’s failure 


However. signs of tro 
appearing months earlier, In January, the 
team found that the d 
more electrically condi 
that water was infiltrat 
matrix 
down its outer surface. The 


was becomin 


an indicator 


"S porous 
was trick- 


and that tephra sedime 


lapse was preceded by several smaller ones 
all cap. 
ly tremors were 
ophones and set off 


starting more than an hour before 


nera. These 
by the gs 


tured 
also picked 


the akarm system. 
It was clear this was no false alarm 
when a “landslide-type failure” cut the trip 


Layers began slou: from the 


wire 


ce inward until erosion 
“a critical point” and rapidly 
ed about 15 minutes later, says 
Chris Massey, a GNS geole incer 
in Wellington. The lahar traveled 155 kilo- 


metersalor 


iver paths until it reached the 
at 3a.m. the next morning. The dam 
was minor—a small bridge, a block of 
toilets, and a farmer's pump shed were 
destroyed—and the alarm system allowed 
authorities to close highways well in 


adva 


ice to clear the way. 


Since that day, a team led by Manville 
and Shane Cronin, a voleanologist at 
Massey University, has worked nonstop to 

ather data from Ruapehu before wind and 
rain erase the evidence. The techniques used 
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to establish the “before picture 
LIDAR scans and field sampling—are 
being repeated to get the “after.” Data 


analysis is just beginning, but it is alr 


atural 
Massey says. For example, he 


provid 
dams fail, 
says, itis clear that the dam’s stability “was 


over gi 


Photographs of the la 


seem to show such a wave, 
water samples indicates that the lahar was 
pushing a huge swell of fresh river water 
ahead of it, Solitons have be 
canals, says GNS geophysicist Desmond 
Darby, but this is the first evidence of one 
ed by a volcano. Although the soli- 
ton didn’t make the lahar any more vicious, 
Manville 
searchers will present 
next month at a meeting of the 
International Union of Geodesy and Geo- 
a, Italy. 

scrutiny of Ruapehu’s latest 
lahar could save lives elsewhere. Probably 


it’s “an interesting phenomenon, 


says. The Ruapehu 


physies in Peru; 
The ongoit 


the biggest threat is in Ecuador, where some 
100,000 people live in the direct path of 
potential lahars from Mount Cotopaxi, sys 
Patricia Mothes, a voleanologist at the Geo- 
physical Institute in Quito. The data coming 
out of New Zealand 
tions that Lalways have" 
Jahar risk. 


at“some of the ques- 


about how to assess 
she says, such as which conditions 
are more likely to spawn sediment-laden 
lahars capable of “transporting huge boul- 
ders very long distances.” 

Someday. Mount Doom may become 
more famous for saving lives than for 
menacing hobbits. -JOHN BOHANNON 
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Culture, Conflict, and... Climate? 


DESPITE THE HISTORICAL MILITARY ROLE OF ANTHROPOLOGY IN UNDERSTANDING LOCAL 
peoples during the Colonial period (/), defense policy-makers and academic researchers rarel 

play well together in the proverbial sandbox. A general Cold War-era preoccupation with tech- 
ned with the neyative aftereffects of poor cultural understanding of 
sm War, left the U.S. Department of Defense (DOD) unprepared to 


e into ae 


nological superiority, comb 
opposing forces in the Vis 
integrate cultural knowled 
“Global War on Terror” or "Long War” 

The article “Pentagon asks academics for help in understandit 
Bhattacharjee, News Focus, 27 Apr..p. 34) outlinesa new DOD ini led Human Social 
Culture Behavior (HSCB) Modeling, designed to begin and encourage advanced anthropologi- 
cal analyses of cultures that the U.S. military might encounter duri ons, This 


ensive intellectual infrastructure, In the current 


mpre! 


itneeds such tradecrafi now more than ever. 


its enemies” (¥. 


ative, ¢ 


netseas ope 
relatively inexpensive defense 
transformation—largely a shift in 
thinking—could hy 
beyond active count 


Warfare and. counterterrorism 
This is increasingly important, 


warning system. ...” 


given the recent DOD emphasis 
(on stability operations thre 
the world— proactively preventing failed states and discouraging formation of terrorist havens, 

HSCB models may have further applications to one of the most pressing environmental 
global climate cha 
that future changes in cima 


problems of our time Reputable and reasonable projections suggest 


¢ will increase the frequency and severity of food and water short- 


ages, heat-related illnesses, and infectious disease epidemics (2). These outcomes may exacet 


bate local tensions, act as a “thr 


1 multiplier” in some unstable regions, and significantly 
ions of strategic importance (3). If HSCB models can be 
expanded to incorporate environmental knowledge. they might be used effectively to prevent or 
ly induced conflict. Conversely. ci willalso have local pos- 


increase the risk of state failure in n 


vate cha 


itive effects, and knowledge of the environmental terrain will have benefits in those situations 
aas well, Ultimately, ina climate of change, cultural and environmental knowledge could t 


inte 


ht signal insta- 


grated into a global early waming system, detecting the sorts of changes that mi 
bility and a need for intervention, Earlier this year, the House accepted provisions, inserted into 
the FYOS intelligence authorization bill, that explicitly direct the US. intelligence community 
to consider climate impacts when preparing future National Intelligence Estimates. At the time 
of writing, similar provisions are being considered by the Senate. 
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“(Cultural and environmental knowledge 
could be integrated into a global early 


—Drapeau and Mignone 
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Better Use of Existing 
Knowledge 


IT IS ENCOURAGING TO SEE THE FOCUS ON 
cross-cultural research by the U.S. Department 
of Defense (“Pentagon asks academies for 
help in understanding its enemies," Y 
Bhattacharjee, News Focus, 27 Apr. p. 534). 
However, the same information is effectively 
ed by interviewin; 


gather 
having representatives of the Un 


local experts and 
ed States“on 
und” to sort through the data, Our State 
Department does a good job with this, 
nd understood the problems with invac- 


ing Irag quite well. However, this advice 
was ignored, Perhaps it would be more 
productive to study our institutions and 
see how we can better make use of the 
ood knowledge that we have, rather 
data, which 


than generating redund 
have a high probability of also being ignored, 
Ithas been said that the most effective way to 
deflect accountability in government is to 
study the problem forlong enough forthe next 
ries to fade). 

A related concern is how to address solu 
tions once the problem is obvious, This “rid 
the ti et off, it will 
eat you") needs a fix mnesty for error, 
but not for intransigence, During delays in 


and met 


ction to take place 


+r” problem 


correction, much damage is done that could 
and should be avoided. 
CHRISTOPHER BATICH 


Callege of Engineering, Univesity of Florida, Gainesville, 
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Grazing and “Degradation” 


TIS HARD TO SEE, GIVEN PREVIOUS ANALYSIS 
(2). the point of redefining “nonequilibrium” 
systems as “all systems that are not at equilib- 
rium?” as L. Gillson and MT. Hoffman do in 
their Pe Rangeland ecology in a 
wing world” (Perspectives, 5 Jan,, p. 53). 
This would apply almost everywhere and 


spective 
cha 


\would be inconsistent with many publications, 
Few ecologists use “equilibrium’ to mean that 
sely; they 


species track their resources pre 


emphasize constrained variation 


despite stochasticity (2). Correlations between, 
al variation in rainfall and 


herbivore abundance confirm equilibrial con- 


sumer-resource depender 


sufficient spatial and temporal scales (3-5). 
is to distinguish the subset 
em that limit lat 


The real challeng 
of resources in the syst 
herbivore numbers from these that do not 


to understand how species of plant and animal 
in each subset respond to herbivory (6, 7) 


nonequilibrium ar 
or 


Crucially, 


species may b wother. 


a key resource 


Gillson and Hoffman ask how “degrada- 
aturally variable sys~ 


tion” can be defined 
tems, This proble 
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; 


abundance: 


‘e when viewed at 


for one 


and its solution are not 


unique to grasslands, Relatively natural pro- 
tected areas are used as “biodiversity bench- 
marks,” and their state in a particular se 
ared with management treatments in the 
same region and season (8-10), There is sub- 
I literature on the effects of gruzing, and 
tava vary in their responses, “Degradation” to 
‘one person can be “improvement” toanother 

as with controversies over traditional 


stant 


prevent natural succession in semi-natural 
habitats (8), Societies must decide subjectively 
and explicitly which changes in wildlife are 
acceptable. 
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Response 
DEFINITIONS OF DISEQUILIBRIUM AND NON- 
equilibrium have been discussed previously in 
the re(/, 2). The term “disequilibrium” 


was originally used to define systems that 
\were stochastically driven and not affected by 
density-dependent effects (3, 4), Mlius and 
O'Connor (5) subsequently redefined the 


term by applying it to key resource areas, 
affected by density-dependent competition. 
The term “disequilibrium” has thus been used 
in two distinct ways in the literature, Itwas our 
aim to make this distinetion e 
‘on how density dependence 


and to focus 
and stochasticity 
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interact in nonequilibrium systems (where a 
nonequilibrium system is defined as a system 
that tracks a changing environment and there- 
fore doesn’t reach equilibrium). We apply the 
term “disequilibrium” in its original sense only 
tothat subset of systems that are dominated 
by stochasticity, but agree with Ilius and 
O°Connor that competition may be important 
at key resource areas, 


The lack of clarit 


over the usage of the 
* and “nonequilibrium” 


agreement that complex e 
are affected by both density de 
environmental stochasticity. Our Perspective 
presented a view based on complex systems 
theory that showshow density dependence and 
stochasticity interact, and how density depend- 
ence can occur at different population sizes, 
depending on rainfall and therefore forage 
availability and quality. This synthesis is sup- 
ported by empirical work demonstrating inter- 
actions between rainfall variability, nutrient 
cycling, and grazing (6,7) 

Our Perspective raised the possiblity that 
nonequilibrium systems may lose resilience 
i heavily grazed, because of an increased 
dominance of annual and unpalatable plants. 


Congratulations 
to the 


Annual-dominated systems are more sensitive 
to drought than perennial-dominated systems, 
and this potential or actual loss of resilience — 
in terms of the ability of the system to absorb 
disturbance without cha 
of attraction —has impli 
hoods. Inmany rangelands, traditional practices 
and institutional responses to environmental 
variability (.g., mobility, herd-splitting, more 
restrictions on grazing) have already been 
eroded because of the loss of grazing lands, the 
imposition of fixed stocking rates, and the 
desire of many national governments to settle 
mobile pastoralists. The management options 
available are therefore limited, and high var 
ability in annual-dominated. disequilibrium 
systemsmay increase the vulnerability of farm- 
ons and drive 
tion, particularly wher 
long-distance seasonal migration of people and 
livestock is no longer an option, There is thus a 
nnced for a greater integration of micro-eco- 
nomic research to understand how farmers 
have adapted and diversified their management 
responses and livelihood strategies in response 
torestricted access to grazing and water (8-10), 

Weagree with Hambler et al that defining 
degradation in variable ecosystems is a chal- 


es to env 


in upper and lower bounds, and once ecolo 
cal or environmental thresholds are exceeded, 
the system will then vary within new limits, 
Knowledge of when and why these transitions 
‘occur isan essential underpinning of the scien- 
tific aspects of range management. AS we also 
pointed out in our Perspective, however, an 
understanding of the effects of different man- 
agement options on plant communities still 
leaves policy-makers with the challenge of 
deciding what is an acceptable outcome in 
terms of plant diversity and ecosystem 
resilience, while also considering the effects 
con rural livelihoods 
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A Brief History of the 
FFAG Accelerator 


THE NEWS FOCUS ARTICLE “A HALF-CENTURY 
ternative accelerator takes off” by E 

Carilidge (16 Feb,, p. 933) notes the recent 
revival of the fixed-field alternating-gradient 
synchrotron (FFAG) accelerator concept, but 
does not give the history of FFAG. Tihiro 
Obkava in Japan, Keith Symon in the United 
nd Andlret Kolomensky in Russia inde 
pendently invented the FFAG concept. The US. 
group, the Midwest Universities Research 
had been formed to 
research accel 


State 


Association (MURA 
clop plans fora high 


de 


of program in the Midwest in the early 
1950s, and it was within this group that Symon 
conceived of FFAG and that the three different 
FFAG electron accelerators were built and 
openited, studying many aspects of accelerator 


physics. After MURA learned of Ohkawa’s 
independent invention of FFAG, he wasinvited 
to visit the MURA group for the summer of 
1955 and then, in 1956, came to the United 
States to work within MURA fora few years. 
LAWRENCE W. JONES,* ANDREW M. SESSLER? 
KEITH R. SYMON? 
Department of Physics, University of Michigan, Ann Arbo, 
‘Mi 48109-1040, USA. “Lawrence Berkeley National 
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TECHNICAL COMMENT ABSTRACTS 


Comment on “Carbon-Negative 
Biofuels from Low-Input High- 
Diversity Grassland Biomass” 


‘Michael P. Russelle, R. Vance Morey, John M. 
Baker, Paul M. Porter, Hans-Joachim G. Jung 


Titman eto (Reports, 8 December 2006, p. 1598) argued 
that low input high-drersity grasslands can provide a sub 

‘stantial proportion of global energy needs. We contend that 
their conclusions are not substatisted by ther experimen: 

tal protocol. The authors understated the management 
inputs required to establish prairies, extrapolated globally 
from site-specific results, and presented potentially ms 

leading energy accounting, 

Full text at wnn.sciencemag.orgkgitcontentfull/316/ 
58311567 


LETTERS L 


Response To Comment on “Carbon- 
Negative Biofuels from Low-Input 
High-Diversity Grassland Biomass” 


David Tilman, Jason Hill, Clarence Lehman 


‘We discovered that bioluels from low-input high-diversity 
mistures of native perennial prairie plants grown on 
degraded soil can provide similar bioenergy gains and 
‘greater greenhouse gas benefits than current corn ethanol 
Produced from crops grown in monacutur on fertile soit, 
with high inputs. Russlle et a's technical concerns are 
relied by a substantial body of research on prairie ecosys 
temsand managed perennial raslands 

Full teat at wn sciencemag.org/egilcontentAull316/ 
Se3u1s67e 
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Culturing Life 


by Hannah Landecker 


1568 


CELL BIOLOGY 


The Culture of Cell Culture 


M.Susan Linde 


ulturing Life, Hannah Landecker's 
( story of cell culture, is a sly com- 
‘mentary on our mixed-up, topsy-lurvy 


ical world, circa 2007, Mouse-human 
hybrids, immortal cells, cloned puppies, 


netically modified crops, and dinosaur proteins 
found in fossilized bone 
all suggest that or- 


ganisms are plastic 
unstable, and not even 
the masters of their 


o E 


own cells, which can 
Harv live outside them, per- 
0 DOME haps “forever” Lan- 
decker’s. work tracks 
the practicesand tech- 
nologies implicated in 
this unsettl 


state 
of affairs over the last century. 

Drawing primarily on the methods sections 
of published scientifie papers, nontraditional 


historical resource, Landecker (a 


mhropolo- 
ist at Rice University) explores techniques for 
handling cells outside the body. She proposes 
that the emergence of new methods of cell 
ic and social 


manipulation produced a scient 
tein whieh livin 


clin ‘matter is assumed to be 
material that can be started or stopped at will 
Time and place are her underlying subjects: She 
tasks how cells became “autonomous” and how 
they became “immortal.” 

Cell culture techniques were first developed 
in the 1880s, but Landecker begins her story 
with the work of Ross Harrison, who in 1907 
demonstrated that tissue fragments could live 


in vitro for weeks ata time. Theit survival forso 
Jong under controlled laboratory conditions 
\was greeted by scientific observers with disbe 
liefand excitement: A cell with a life of ts own 
was a truly novel object. 


arly 1912, the eccentric and controver- 
st at the 
drew on Harrison's 


In 
sial Alexis Carrel 
Rockefeller Institute 


a. physio 


methods to culture a pulsating chicken heart 
Carrel (the Nobel laureate in physiology that 
year) fused philosophical and biolo 

imperatives in his work, choosing to grow 


heart muscle tissue because of its dramatic 
appeal to students, other scientists, and the 
public. Carrel wanted to suggest the possibili- 


The reviewer iat the Department of History and Sociology 
of Science, 365 Logan Hall, University of Pennsylvania, 
249 South 36th Street, Philadelphia, PA 19104-6304, 
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nortality, and public interpretation 
followed this line 


in spectacular 


extremely importan 
After Geonge Gey showed that polio could 
infect the cultures, the need to test the Salk 
vaccine led tothe firsteffort to grow HeLa cells 
‘quantities. In 1953, the Nation 
ndation for Infantile Paralysis established a 
central production laboratory at the Tusk 
Institute. It shipped 600,000 cultures of HeLa 
‘over the next 1wo years, in the process develop- 


ye the methods and shipping practices that 
facilitated the widespread use of the cell ine in 
many other contexts, Without 


the sense of national urgency 
that characterized the polio va 


cine program, this, 
dardization and disse 
of HeLa would have been un- 
likely. Gey’s policy of travelit 
with a few tubes of Hel 
tucked into his shirt pocket next 
to his chest to keep them warm, 
could never have had the same 

npact. Later the line became 
too successful 


tific studies, 
The story of the African- 
American patient Henrietta 


Lacksand her cancerous cervi- 
cal cells has fascinated people 
for more than 50 y 


decker considers the 1 


any popular stories 
and proposes that they 
help us to understand an emerging transition 
in ideas about technological and human life. 
HeLa, she shows, has been repeatedly con- 
strued by scientists, journalists, and others in 
terms that conflate the person who died of 
ncer and the cell line, with calcula 


written about HeLi 


jons of 


their “combined age” and cumulative wei 
(what she would wei 
of Lacks wanderi 
painted toenails and curlers in het hi 
ages of the patient as saint or martyr illumi 
nate the cha 
mediated, disembodied immortality. These 
narratives, Landecker suggests, reflect tet 


eristics of a scientifically 
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sions around a new possibility for everyone: 
ple taken from one’s body 
could go on to have an independent, enduring. 
and highly distributed life as a subject of bio- 
medical attention and interest 

The technical potential of cell culture 
shape genetics in the 1950s and 
ells 
and the inconve 


that a tissue s 


1960s, when techniques for hybridi 


seemed to provide a way 
rience of sexual breeding, The fact that cells 
from different species could be fused also sug- 
gested that, at least at the cellu 
\were no mechanisms for recognizing incom 
pat n species. Somatic cell hybr 

zation was astonishing, almost unbelievable, 


level, there 


to early scientific observers. But it quickly 


became the basis of sophisticated research 


programs in multiple domains, 


Boris Ephrussi proposed with some trepi- 
dation in 1972 that it had become possible to 
make almost any kind of hybrid cell, from 
across all of biology, for any kind of purpose, 
And Lewis Thomas observed that the 


labora 


Focus of many narratives. Hela cells 


tory trick” of cell fusion was the “most unbio- 

log na, violating the most 

fundamental myths of the last century” (1) 
Fundamental myths, as Landecker reminds 


ic of all phenom 


unt 


us, area part of scientific history. Her ao 
of the development of cell culture techniques 
delineates the shifting meaning of the whole 

anism, as ithas come to be seenasa biolog- 
e through which cellular materi 
n time, By juxtaposing the practical 
details of deep freezers, record-keeping prac- 
tices, and nutrient media with changing public 
and scientific discourses of life and death, she 
provides critical historical and anthropole 
insight into the meanings of hybridity, auton- 
‘omy, plasticity, and immortality of cellular life 


ical sta 


Her work also provides a thoughtful perspe 
tive on the contemporary public and scientific 
spectacle of “Stuart Little” mice, stem cell leg 
ation, farmaceuticals, and other chimeras. 
Cell culture, she suggests, has chan; 
means to be biological. 
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ARCHAEOLOGY 


Folsom Points 


Dennis Stanford 


he results of excavations during the 
[ 1920s at the Folsom, New Mexico, site 
demonstrated to most scientists” satis- 
faction that prehistoric people hunted ice age 
bison in North America, These finds also dis- 
pelled decades of acrimonious debate regand- 
ing the timing of human arrival in the Wester 
Hemisphere. Scientific publications and pre- 
sentations resulting from this ground-breaking 
research discussed the age of the bone bed, 
bison taxonomy, and possible str 
used to trap and kill these members of the 
Pleistocene meyafauna. The unique fluted 
projectile points found among the bone 
became the index fossils for the Folsom tech- 
nological horizon, Even with the landmark 
site’s important role in the development 
‘of American archaeology, David Meltzer’s 
Folsom: New Archaeological Investigations of 
4 Classic Paleoindian Bison Kill is the first 
‘comprehensive report published on it. 

Near the 75th anniversary of the Folsom 
discovery, Meltzer (an anthropologist at South 
‘em Methodist University) embarked on an 
interdisciplinary program to reinvestigate the 
site, Using methods unknown in the 1920s, 
the project aimed to refine our understanding 
of the ecological context of this bison kill 
‘and the cultural and taphonomic events that 
shaped its archaeological record. For instance, 
it was unclear whether the bone bed repre- 
sented a single killing event, what hunting 
strategies were employed, and whether a camp- 
site was established near the kil. 

The strength of the reinvestigation resides 
in the results obtained by modern paleoenvi: 
ronmental and geological collaborative stud- 
ies: these are presented in detail along with 
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In situ, The Folsom point found in August 1927 
between two ribs of the extinct bison, 


fresh archaeological discoveries, Throughout 
the book, Meltzer weaves a historical thread 
from the notes, letters, and communications 
of previous investigators. His in-depth sum- 
maries present their thoughts, worries, crti- 
ccisms, disagreements, and headline-shaping 
hypotheses. Placing the early conclusions 
within the context of the new investigations, 
Meltzer compares, contrasts, and interprets 
them. When one considers the methodologi- 
| advancements and expansion of archaco- 
logical knowledge over the past 75 years, itis 
striking how well many of the original inter- 
pretations hold up, 

The latest research provides new insights 
about the paleotopographic setting of the kill 
area. Subsurface contours of the underlying 
bedrock (mapped by correlating core and 
auger hole data) suggest that 
two short northeast-trending 
gullies or “paleotributaries” 
with relatively steep sides 
coalesced roughly 60m before 
they emptied into a larger south- 
ist-flowing drainage. This 
topographic situation would 
have provided several 90- 
degree turns and steep banks 
for casting spears or darts 
down on the bison, These land- 
scape features offer the best 
clues for a method used to kill the bison, but 
exactly how that task was accomplished at 
Folsom still remains matter of conjecture. 

Studies of pollen samples collected from 
Bellisle Lake (located on nearby Johnson 
Mesa) and from the bone bed itself, along 
With information gained from the study of 
Jand snails and carbon and nitrogen stable 
isotopes derived from the bison bone, suggest 
that climatic conditions during the Folsom 
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period were cooler and drier than at present, 
with scattered wet places on the landscape. 
These environmental conditions are broadly 
consistent with late glacial records elsewhere 
in the region. 

'ven though researchers from the many 
disciplines involved in the project “helped 
throughout the fieldwork, analysis, and writ- 


ing, going above and beyond the call of co- 
author obligations.” they were recognized only 
by an authorship status of “with” —thereby 


making Meltzer the sole author rather than ¢ 
tor, as isnormal in interdisciplinary works. This 
approach appears to be unfair to his collabora- 
tors, especially graduate students and younger 
professionals establishing careers, In addition, 
important data can be missed when a nonspe- 
cialist, no matter how talented, rewrites a tech- 
nical research report. For example, although 
Jong, the discussion of the geology fails to pre- 
sent stratigraphic cross sections that clearly 
illustrate the sedimentary units and identify 
locations of samples referred to inn 
sures and tables. The single labeled fi 
the stratigraphy (figure 5.1)—a 192 


photo- 
graph taken of a profile in the North Bank of 


the arroyo, not 
tors—does not satisfy an enquiring mind. If 
‘Vance Holliday had been the lead author ofthe 
geologic section, perhaps he would have pro- 
vided these important diagrams, What might 
ssing from other chapters 

The book includes boiler-plate questions 
concerning artifacts, technological organi- 
zation, and mobility, But few are answered, 
either because their resolution is beyond the 
reach of current archacological methods or 
because of the site’s small sample size. The 


by the modern investiga- 


reinvest 
all in an arroyo, late 
hunters killed more than 
30 bison cows and ealves. For 
insight into the technological, 
logistical, and social deci- 
sions made by these sophisti- 
cated big game hunters, the 
data gleaned from the stones 
and bones at Folsom are in- 
sufficient. Those complex issues 
are best approached through 
‘considerations of other Folsom 
sites where processing and camping areas 
have been found with larger and more 
diverse artifict assemblages 
I was excited about doing this review 
Folsom archaeology is one of my favorite top- 
ies, and Ihave always considered Meltzer an 
excellent wordsmith, However. in Folsom he 
veers away from his usual engaging style to 
produce a too-dense study. 
10.1126/cience1129537 
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ENVIRONMENT 


Sustainable Development of the 
Agricultural Bio-Economy 


N. Jordan,'* G. Body? W. Broussard, J. D. Glover, D. Keeney,*B. H. McCown, G. Mclsaac,” 
M. Muller? H. Murray.* J. Neal? C. Pansing,” R. E. Turner." K. Warner.” D. Wyse! 


‘bio-economy” based on agricultural 
Awe is emerging in the United 

States that offers an avenue toward 
energy independence and a more “green” 
economy (/). Models for biomass produc- 
tion range from monocultures of annual and 
perennial crops to seminatural plant commu- 
nities (2, 3). Monocultures are simpler to 
implement, but will likely perpetuate prob- 
lems that have arisen from current monocul- 
tures of annual crops (mainly corn, soybean, 
Wheat, and cotton). Recently, market-based 
agricultural policies have resulted in large 
payments to farmers and landowners to 
make up the difference between low com- 
modity prices and costs of production (4); 
from 1997 to 2006, producers received 30% 
of their net farm income in direct govern 
). Environmental problems 


ment payments 


are frequently assoc 
the annual erops that are eligible for subsidy 
payments, including de 
quality with sediment, nutrients, and pesti~ 
cides; hydrologic modifications contribut- 
ing to flooding and groundwater deple 
disruption of terrestrial and 
habitats; emission of greenhouse gases; and 
degradation of air quality with odors, pesti~ 
cides, and particulates (6). 

Farm size has increased, and few people 
are able to enter farming. harming rural com- 
tnunities socially and economically (7). Inthe 
Corn Belt states such as Lowa, over half the 
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J with cultivation of 


land is owned by absentee Landowners (8), 
which makes implementation of conservation 
practices more difficult. Now, excess corn 
and soybean stocks are being converted to 
biofuels, and demand for corn has skyrock~ 
cted, resulting in a considerable expansion of 
corn production and concomitant environ- 
‘mental impacts (9). 

Despite troubling implications of these 
current trends, research and development 
(R&D) and policy have focused on maximiz~ 
ing biomass production and optimizing its use 


(J), with far less emphasis on evaluation of 
environmental, social, and economic pe 
formance (9). This imbalance may provoke 
many interest groups to oppose growth of 
such an agricultural bio-economy (/0). 


Current federal programs and policy on 
environmental quality in agricultural land- 
scapes mainly subsidize retirement of land 
from active production. This has produced 
substantial environmental benefits (//), but 
jonal 


serious problems remain, Major addi 
gains may result from a “working land 
approach that improves environmental pe 
formance of active farmland by rewarding 
farmers for delivering environmental ben 
fits, as well as food and biomass (/2). Our 
proposals aim to promote working landscapes 
by capitalizing on the potential of “multifine- 
tional” agriculture. 


AUS. farm policy shift to joint production of 
commodities and ecological services will 
advance sustainable agriculture. 


‘Multifunctional Production Systems 
Agricultural multifunctionality is defined as 
the joint production of standard commodities 
(ex. food or fiber) and “ecological serv- 
ices.” Examples of the latter include in- 
creased recreational opportunities in agricul- 
tural landscapes and protection of biodiver- 
sity and water quality (/3). Biomass-produc 
tion systems such as mixtures of multiple 
species (3), tree cropping on farmland (/4), 
and managed wetlands (/5) use perennial 


‘Multifunctional landscape in lowa, USA. 


There is mounting evidence that these sys- 
tems can produce certain ecological services 
more efficiently and effectively than agro- 
ecosystems based on annual crops, Ex- 
amples include (i) soil and nitrogen loss rates 
from perennial crops are less than 3% of 
those in annual crops (6); (ii) perennial 
cropping systems have greater capacity to 
sequester greenhouse gases than annual- 


based systems (/7); (iii) in certain scenarios, 
some perennial crops appear more resilient 
toclimate change tl 
of 3° to 8°C are predicted to increase North 
American yields of the perennial crop 
grass (Panicum virgatum) (18); and, 
(iv) among species of concer for conserva- 
tion, 48% increased in abundance when on- 
farm perennial land cover was increased in 
European Union incentive programs (19). 
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‘Multifunctional production systems can 
behighly valuable. The 34-million-acre Con- 
servation Reserve Program (CRP) has been 
estimated to produce $500 million’year in 
benefits from reduced erosion and $737 mil- 
lion/year in wildlife viewing and hunting 
benefits at a cost of ~S1.8 billion (11). If 
benefits such as carbon sequestration are 
added, CRP likely produces a net gain in 
many areas, if not for the entire nation. 

Diversified grassland agroecosystems on 
degraded agricultural land can increase both 
carbon storage and net energy gain in bio- 
fuel production (3). This could provide 1 
of electricity demand and eliminate 15% of 
CO, emissions if implemented globally. 

Restored wetlands on flood-prone 
land can provide biomass, increase wildlife 
abundance, and improve water quality by 
processes such as denitrification (5). 
Denitrification in managed wetlands is 
estimated to reduce costs of biological 
nutrient removal in municipal water treat- 
ment by about 15%. 

‘An assessment of the potential eco- 
nomic, social, and environmental perform 
ance of multifunctional systems is provided 
bya simulation study performed fortwo rep- 
resentative agricultural watersheds in the 
upper Midwest United States [subbasins of 
Wells Creek (16,264 ha) and the Chippewa 
River (17.994 ha) in Minnesota} (/3). 
Results indicated that benefits could be 
attained by increased cultivation of peren- 
nial crops without increasing public costs. 
Environmental benefits included improved 
water quality, increased fish abundance, 
increased carbon sequestration, and de 
creased greenhouse gas emissions. Eco- 
nomic benefits included social capital for- 
mation, greater farm profitability, and 
avoided costs associated with speci 
ronmental damages. The most exte 
and-use change scenario (7 to 14% conver- 
sion to perennials) was projected to produce 
the greatest reductions in sediment and 
nutrient loading to waterways: sediment 
loading was reduced by as much as 80%. 
‘Total yovernment payments were projected 
to decline by 13%. These projections offer a 
widely applicable model for agroecosys- 
tems in the Midwest United States, 


Testing the Model 

Multifunctional systems have been tested 
only at relatively small scales. We propose 
creation of a network of research and demon- 
stration projects to establishand evaluate eco- 
nomic enterprises based on multifunctional 
production systems. This program will also 
help test and refine federal farm-bill policy 
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to support biomass production. 

State, federal, and private agencies should 
ool their resources to support this network. 
These projects must be sufficiently scaled to 
address the complexity inherent in land- 
scape-scale multifunctionality and in the 
feedback loops connecting natural, human, 
and social resources. They should be estab- 
lished in medium-sized watersheds (~3000 
km?) and should be managed by groups that 
encompass multiple stakeholders and levels 
‘of government. Such an effort is under way 
ina larger subbasin of the Chippewa River in 
Minnesota (13), focused on development of 
grasslands for biofuel and meat and dairy 
food production. 

Financial and policy support should be 
given to the multi-stakeholder processes 
of learning, deliberation, negotiation, and 
experimentation that are needed to establish 
and evaluate research and demonstration 
projects. Such processes might help, for 
example, to simplify complex funding tand- 
scapes of subsidy policy like the one that 
appears to be hindering biofuel development 
in the United Kingdom (20). Stirrings of 
the necessary approach are evident in recent 
strategic alliances among regional and nat- 
ional groups concerned with the environ- 
ment, renewable energy development, and 
agriculture [e.g.. see (2/ 

Research must be focused on the trade~ 
offs that arise, e.2., between wildlife habitat 
and biomass production, Models indicated 
that the form of the trade-off determined 
whether wildlife-friendly farming was more 
cost-effective than an alternative policy, 
the retirement of “marginal” farmland to 
increase wildlife habitat (23). More broadly, 
modeling has indicated that many trade-off 
problems might be overcome if a sufficient 
range of ecological services (e.g, water-qual- 
ity protection, as well as wildlife conserva- 
tion) was provided (/3). Empirical research is 
urgently needed in the context of spe 
enterprises, such as biofuel production. 


Conclusions 
Two key policy instruments to achieve the 
goals we have described are the omnibus 
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modest public investments (~$20 million 
annually). A variety of strong political con- 
stituencies now expects a very different set 


of outputs from agricultur 


and the Us 


farm sector could meet many of these 


expectations by harne 


wg the capacities of 


‘multifunctional landscapes. 
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APPLIED PHYSICS 


Recent Progress and Continuing 
Puzzles in Electrostatics 


LB. Schein 


lectrostatic effects are all around us. 
Children rub balloons that then stick on 
‘walls, Copy machines and laser print- 


on the charging of small, colored, 
And 


ng toner particles to form ima 


rug in dry weather and touchin; 


Electrostatic charging also causes 
dara 


to semiconductor devices, and super- 
tanker explosions, 

To control these effects, we need to know 
how chargi 
forces behave, Surprisingly, although electro 
static charging is well known, it remains 
among the most poorly understood areas of 


g occurs and how e 


solid-state physics. Several recent st 
have improved our insights into electro: 
changing and adhesion, which in turn may fos- 
p 

ence multibillion-dollar industries, 

Charging between metals is well under- 
stood and is dire 
in work fu nergy required to 
remove an electron) between the metals (I, 2) 
But when insulators are involved, which is 


advances in the ne; that could influ- 


ted to the difference 


almost always the case in the examples 
above, our understandit 
Most researchers believe that insulator 


charging isa surface phenomenon, However, 
when the surfaces of two n 
brought together and separated, the 


contact area is difficult to determine, In addi- 


tion, the precise nature of the surfaces is usu- 
ally not well defined: Dust particles, surface 
contaminants, and even ultrathin water layers 
may constitute the outer surface. The number 
of surface molecules 


of one molecule in 10 or 108, The determi- 
nation of the nature of the charging sites by 


process is ext 


surface science tools remains an unsolved 
solid-state physics problem. 
imagine, creating a reproducible surface and 
obtaining experimental reproducibility among 
laboratories has been a challen; 
he need for reproducible toner charg 
electrophotography (2, 3) (the copier and 
1y) has led to materials 
ing experi- 


As one can 


laser-printer technol 


ideal for controlled insulator chargi 


he author isan independent consultant in San Jose, CA, 
USA. E-mail scheing prodigy net 
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Extreme closeup. Ascanning electron micrograph of 10-m 
toner particles on a 200-ym carrier particle used in electro- 
photography. Detailed understanding of how these particles, 
‘become electrostaticaly charged and the resultant adhesive 


force have improved the imaging technology. 


electron 
micrograph of a mixture of insulating pow- 
ders. Both the small powder (polymeric toner 
particles) and the large powder (polyme 
coated magnetic particles called carrier part- 
re insulators. 


ments, The figure shows a scannin 


cles} 


When these powders are mixed, clectro- 


static change exchange occurs, The mixture is, 


net neutral, with one sign of the charge on the 


toner paniclesand the other sign on the carrier 
particle. By virtue of the change on the pow- 
ders, they adhere to each other. This micro- 
graph, therefore, shows the two fundamental 


issues associated with insulator charging 
exchange and adhesion. This mixture 
powders is used in copy ma- 
chines and laser printers because magnetic 
forces can move the large particles, which in 
tum move the smaller, hard-to-control toner 
particles that are attached. 
Experiments with these powders 
helped researchers settle some questions 
about charging mechanisms. Two theories 
that describe how insulator cha 
ited by surface properties have been su 
ested. One theory assumes that there are 
tronic surface states on the insulating par- 
ticles and that charge is exchanged to equili- 


have 


ing is lim- 


el 


VOL316 SCIENCE 


Insight into how small insulating particles 
become electrically charged is affecting laser 
printing technology and may have other 
industrial applications. 


brate the “surface work functions” (4), 
(Quotation marks are used because it is 
whether the concept of work 
function is useful in insulators: 


une! 


excess 
electronic chat 


equilibrium.) The second theory 
sumes that insulators charge until an 


electric field, called the effective clec- 
tric field, is created at the interface 
between the particles (5, 6). 

Using mixtures of powders similar 
to those shown in the figure, my col- 
Jeagues and I have found that only the: 
electric fied model is consistent with 
the data (7, 8). The effective electric 
ssily calculated from the data; 
It. depends on the material and is on the 


onder of 10 V/jim, Unfortunately. itis 
difficult to account for this value of the 
effective electric field with any simple 


model, For example, if the field is asso- 


tate energy change 
(1 eV) divided by the distance at which 
nsfer by tunneling ceases (1 nm, 
which is used successfully in the theory of 
metal-metal cha the predicted field is 
1000 Vijum, two orders of magnitude larger 
than observed 

Despite this discrepancy. the electric field 
model is a step forward, allowing a test of 


electron t 


ested models of insulator charging. Fo 
example, models that invoke bulk properties 
almost surely will not be valid. Any suggested 
surface model needs to account for this effee- 
tive electric field. Through the years many 
“models” or correlations have been suggested 
z (1. 2). These 
correlations with dielectric constant, the 
basic and acidic nature of the materials, poly- 
mer “work fi we chemistry 
determined by measuring the residence time 


for insulator char ychude 


pn” and st 


of probe molecules using inverse gas chro- 
matography (9, /0). However, no reasonable 


explanation of the effective electric field has 


ied insulators adhere to surfaces, 
aphy 
Where electric fieldsare used to move charged 
toner particles to form images after overcom- 
ing their adhesion. Particle adhesion has gen- 
erally been thought to be due to the simple 


which is important in electrophoto 
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electrostatic attraction of the charges on the 
particle to induced charges in the adhering 
surface. However, experiments have shown 
(1) that the adhesion is at least one order of 
nitude larger than predicted by a model in 
which the charged object is represented by 


nonuniform charge distributions (//) and 
nonelecttostatie forces of adhesion (12), 
these models cannot explain the observations. 
Instead, the enhanced adhesion seems to 
caused by the discreteness of charge, which 
is the way nature provides us with charge (i.e. 
one electron has exactly 1.6% 10° Coulomb 
of charge) (13), Diserete charges near the con- 
tact points produce strong electrostatic forces 
approximately equal to the force of the total 
‘charge in the center of the particle. The physi- 
cel picture that appears to describe the data is 
that there is electrostatic adhesion at every 
contact point (due to discrete charges). To 
minimize adhesion, the number of contact 
points needs to be minimized. 

This idea has practical implications in 
electrophotography (/4, 15), The number of 
‘contact points was minimized by coating the 
icles with about a monolayer of 10- 
meter silica nanoparticles. A toner par- 
ticle with uniform small protrusions around 


the surface will, when placed on a flat surfac 
make contact only at a minimum number of 
protrusions, minimizing both electrostatic and 
van der Waals adhesion. This new toner has 
adhesive forces lower by a factor of at least 10 
than those of commercially available toner, 
\which has resulted in the implementation of a 
new electrophotographic development sys- 
tem. The result is a true desktop color laser 
Printer that is presently under development, 
which is much smaller—about the same vol- 
lume as a black-and-white laser printer—and 
much less expensive than is currently com- 
mercially available (16, 17). 

(Our understanding of the charging mech: 
nisms in insulating particles is still rudimen- 
ry, although a specific model, the electric 
field model, appears to have been experimen- 
tally verified. If the effective electric field 
uld be associated with material properties 
‘of insulators, a rational approach to the de 
ofthe charging properties of insulators will be 
possible, changing the multibillion dollar 
industry of toner manufacture in electropho- 
tography. The new understanding of charged 
particle adhesion has led to the design of 
ow adhesion toner, which will dramatically 
change the color electrophotographic printing 
industry. Pethaps the concept of reducing 
adhesion by coating particles with a mon 
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snometer-diameter silica will be use- 
ful in other technologies. 
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ASTRONOMY 


Waves in the Sun's Core 


Frank Hill 


Ithough we cannot use light waves to 
see inside the Sun and other stars, we 
ean learn about their interiors from 


mechanical waves generated deep within, 
‘These waves, similarin some ways to seismic 


waves on Earth, come in two main types: 
gravity waves or" modes” that are driven by 
‘buoyancy, and pressure waves or “p modes.” 
which are ordinary sound waves. Helio- 
seismologists seek to understand what is hap- 
pening inside the Sun by observing the oscil- 
lations produced on the solar surface by these 
modes. Such studies have produced many 
solar surprises, including a bizarre pattern of 
internal rotation (/); twisting flows below 
sunspots that produ flares (2); and 
evidence that the neutrinos generated by the 
fusion in the core change their nature as they 
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travel through the solar plasma (3). How- 
ever, until now we have not been able to 
probe the deepest part of the Sun, where 
fusion reactions create the enengy that sustains 
life on Earth. On page 1591 of this issue, 
Garcia et al. report their work on g modes, 
which offers the most promising hope we 
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Waves deep within the Sun may help 
astronomers see the normally hidden core 
where energy-producing fusion reactions occur. 


have so far of examining the Sun's core (4) 
The p modes are trapped in the Sun’s outer 
layers, and only a very few penetrate below 
fractional radius of 0.2 into the core of the 
Sun. The g modes, on the other hand, are 
trapped in the core as well as in the radiative 
zone, as shown in the figure, This makes them 
extremely valuable for report- 
ing the temperature, pressure, 
and motions at the solar center. 
Because they are trapped so 
deeply. however, they produce an 
effect atthe solar surface that is, at 


Good vibrations. A cross section of he 
solar interior showing examples of the 
ray paths of different waves. Whereas 
the p modes are mainly confined to the 
‘outer layers, the g modes propagate 
near the center and can provide infor- 
mation about the core. Garcia et al 
may have observed g mode signatures 
in the oscillations of the Sun's surface. 
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best, about three orders of magnitude smaller 
than what can be detected with current orfore- 
seeable systems (5-7) such as the SOHO 
(Solar and Heliospherie Observatory) and 
SDO (Solar Dynamics Observatory) space- 
‘craft, or the ground-based GONG (Global 
Oscillation Network Group) program. 

‘Yet solar g modes do have one characteris- 
tic that makes their detection a bit more feasi- 
ble: They are predicted to maintain phase 
coherence for years, Phase coherence means 
that all the waves stay in syne, so that many 
‘waves could work together to produce a dis- 
tinct and useful signal. This possiblity moti- 
vated Gareia et a. to study a 10-year sequence 
of observations now available from the GOLF 
(Global Oscillation at Low Frequency) instru- 
ment on SOHO, 

Garcia etal. also exploited another charac~ 
teristic of modes: Their periods are evenly 
spaced, unlike p modes, which have evenly 
spaced frequencies. By building a model that 
explored the range of likely periods, along with 
the possible effects of rotation on the g modes, 
Garcia et al. were able to identify a structure in 
the period spectrum of the GOLF data, The 
characteristics of this observed structure are 
strikingly similar to the theoretical spectrum 
that they constructed, making this the best indi- 
cation yet thatthe # modes do indeed exist and 
are not cousins of Lewis Carroll's precisely 
described and fong-sought but mythical snark 


In addition to adding weight to the evi- 
dence for the existence of solar g modes, 
Garcia et al, also provide a rough estimate of 
the rotation rate of the core. This question has 
been debated for at least two decades in the 
helioseismology community, and there are a 
few bottles of vintage wine waiting to be 
awarded to the winner of some friendly bets 
‘on whether the core rotates faster or slower 
than the surface. Gareia et al, are squarely 
in the “faster than surface” camp with these 
results, However, a more accurate answer 
‘must await computation of joint inversions of 
both the p-mode and g-mode frequencies into 
values of rotation rate 

Even though this is an exciting result for 
helioseismology, stellar structure, and solar 
jal step remains before it can 
be truly accepted. As in all of science, con- 
firmation is vitally important and espe~ 
cially so when the phenomenon has been 
sought fora long time, as the g modes have 
been, It is essential that the same analysis 
be performed on other data sets, and that an 
independent analysis be devised that can 
reveal the same feature in the original data 
set, Helioseismology is a subtle business, 
and several helioseismic results that would 
have been very exciting if true have fallen 
by the wayside when they could not be con- 
firmed. However, confirmation requires 
the existence of an independent data set, 


and this may not be the ease in the near 
future for helioseismology. 

There are only {Wo major imaging helio- 
seismology systems in the world—the GONG 
program and the SOHO spacecraft. SOHO is 
reaching the end of its lifetime and will 
be replaced by the SDO mission, which is 
scheduled for launch in 2008, However, the 
Astronomy Division of the National Science 
Foundation, which funds the GONG program, 
recently conducted a high-level review to iden- 
tify funds for operating future facilites. One of 
the recommendations of this review (8) 
close GONG | year afterthe suecessful launch 
of SDO, unless outside funds for GONG oper- 
ations can be identified. If this happens, belio- 
seismology will be unable to confirm its most 
exciting results and may die completely asa 
science. which would be a pity. 
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IMMUNOLOGY 


The Shape of Things to Come 


Katherine A. Fitzgerald and Douglas T. Golenbock 


successful vaccine is usually a com- 
Atesior of two agents. One is an 

antigen, the foreign substance that 
triggers an immune response—namely. the 
production of antibodies that recognize the 
antigen and lead to the destruction of 
pathogens that bear it. The other component 
is an adjuvant, which boosts this immune 
response by enhancing the activation of 
immune cells (T cells and antibody-produc- 
ing B cells). Adjuvants that hold consider- 
able promise in vaccine development are lig- 
ands for certain members of the Toll-like 
receptor (TLR) family that are expressed on 
the surface of immune cells, But to harness 
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gands therapeutically, a detailed 
mechanistic understanding of their adjuvant 
effects is needed. Two reports in this issue, 
by Mata-Haro et al. on page 1628 (1) and by 
‘Ohto et al. on page 1632 (2), provide new 
insights into the manner by which Toll-like 
receptor 4 (TLR4) becomes activated by 
adjuvants, and reveal molecular mecha- 
nisms by which recognition of different lig- 
ands by the same receptor shapes the 
immune response in different ways. 

‘Among the ligands that activate TLRs are 
deoxycytidylate-phosphate-deoxyguanylate 
(CpG) DNA, which activates TLR9. and 
monophosphory! lipid A. derived from the 
active moiety (lipid A) of bacterial endotoxin 
Cipopolysaccharide). which activates TLR4. 
Recognition of lipid A and related molecules 
by TLR4 requires MD-2. MD-2 lacks a trans- 
membrane domain and binds to the extra- 


‘Mechanistic understanding of how ligands can 
fine-tune the immune response may lead to 
better vaccine adjuvants. 


cellular domain of TLR4 (3). Activating the 
TLR4-MD-2 receptor complex is thought to 
involve reorganization of the cytoplasmic 
Toll-interleukin-1 receptor (TIR) domain of 
TLR4, enabling the recruitment of four 
adapter molecules: MyDR8, Mal (also called 
TIRAP), TRIF (also called TICAM1), and 
TRAM (also called TICAM2) (4). These 
adapters, in turn, initiate signal transduction 
pathways that lead to the production and 
secretion of molecules that regulate immu 
cells, called cytokines, as well as increased 
expression of molecules on the surface of spe- 
ialized immune cells (dendritic cells) that 
enhance T cell. vation. 

Ohto et al. report the crystal structure of 
both in its native state and bound to 
‘imilar in structure to 
lipid A but inhibits bacterial lipopolysaccha- 
ride. Lipid IVa also lacks two of the six fatty 


wwwsciencemag.org 


acids present on lipid A that is found in the 
lipopolysaccharide of Escherichia coli or 
Salmonella typhimurium, 

Mata-Haro et af. report that mono- 
phosphoryl lipid A somehow engages the 
TLR4-MD-2 complex differently from 
lipopolysaccharide. thereby selectively acti- 
vating only the TRIF-TRAM signaling path- 
Way. These events result in T cell activa- 
tion (see the figure). The concomitant failure 
‘of monophosphoryl lipid A 
to engage the MyD88-Mal 
pathway (which controls the 
expression of certain proin- 
flammatory eytokines) appears 
to account for the lick of 
harmful endotosic effects nor- 
mally associated with activat- 
ing TLR4-MD-2, These obser- 
vations provide an empirical 
basis to support the safe use of 


identity. of MD-2 and MD-2 bound to lipid 
fa suggests that we now know the confor- 
mation of MD-2 in its inactive state, We 
regrettably must still speculate about how the 
shape of MD-2 might change when bound to 
a stimulatory ligand such as lipid Aor 
monophosphory! lipid A. 
Our best understanding of TLR4-MD-2 
signaling comes from studies using highly 
purified lipopolysaccharide or synthetic 


pid A 


Lipid va 


(trom bacterial endotoxin) 


ia 
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different cell types and/or in response to 
different ligands: one involving all four 
adapters (4), another involving only the 
MyDX8-Mal pair (6), and another that selee- 
tively triggers a TRA M-dependent response 
that is independent of MyD88 and Mal 
and mostly independent of TRIF (7). Mata- 
Haro er al, add yet another level of comple 
ity and demonstrate that monophosphoryl 
lipid A. presumably when bound to MD-2, 


Monophosphory! pid A (MPLA) 
{possible vaccine adjuvant) 


monophosphoryl lipid A as an 


adjuvant, because they show 
that it is not simply a weak 
endotoxin: Equivalent adju- 
vant activity was obtained in 
‘animals that were treated with 
monophosphory! lipid A and 
lipopolysaccharide, yet mono- 
phosphoryl lipid A exhibited 
minimal toxicity. 

Although TLR4 has tong 
been considered to be the 
lipopolysaccharide receptor, 
there has been no direct evi- 
dence that its lipid A moiety 
actually binds to the receptor. 
By contrast, there is substan 
tial evidence that lipid A and 
several of its analogs, such as 
lipid 1Va and monophosphoryt 
lipid A, bind MD-2 (5). Thus, 
the most widely held theories 
inthe TLR field suggest that the true ligand 
for TLR4 is not lipopolysaceharide, but a con- 
formationally active form of MD-2. It is of 
great interest, therefore, that Ohto et al. 
resolved structure of MD-2 shows an oval- 
shaped, highly ordered molecule with a 
hydrophobic cavity sufficient in size to fit the 
four fatty acyl residues of lipid 1Va. It is not 
clear how MD-2 can fit additional acyl 
residues present on lipid A, but endotoxiity is 
likely related to a conformational change in 
MD-2 thatallows this to oceur, 

Itmay be overly optimistic to conclude that 
we now know the shape of MD-2 in the 
absence of ligand, because the structure of 
MD-2 was resolved with contaminating 
myristic acid within the hydrophobic core. 
Nonetheless, the overall similarity, if not 
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tein binding sites in the cytoplasmic domain of TLR4 
signaling pathways and associated cellular responses. 


forms of lipid A. Until recently, it was 
thought that upon TLR4 activation by any 
cognate ligand, all four adapter proteins 
‘were recruited to the same receptor homo- 
dimer, triggering the simultaneous activa- 
tion of two signaling pathways—that which 
promotes the expression of proinflamma- 
tory cytokines via the transcription factor 
NF-xB (the MyD88-Mal pathway), and the 
signaling cascade that triggers expression of 
the cytokine type I interferon via the tran- 
scription factor IRF3 (the TRIF-TRAM. 
pathway) (4). Evidence is mounting that this 
may not be the case but instead, different 
“flavors” of these responses are activated 
depending on the nature of the ligand 
engaging MD-2. Indeed. several modes of 
signaling by TLR4 have been reported in 
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Rules of engagement. The TLR&-NO-2 complex is expressed as dimers on the surlace of immune cells (Tand B cells, phago- 
(yt). Lipid A and two of its analogs, lipid 1Va and monophosphoryl lipid A, bind to MD-2. There isn direct evidence that these 
lipids bind TLR4. The specific engagement of each lipid may cause structural changes in MD-2 and TLR&, resulting in new pro- 
ve resulting recruitment of specific adapter proteins activates distinct 


selectively triggers the TRIF-TRAM signal- 
ing pathway only to elicit adjuvant activity. 
The authors suggest that the failure to 
engage the MyDS8-Mal pathway may occur 
‘because phosphatidylinositol 3-kinase is acti- 
vated. This enzyme, which hydrolyzes phos- 
phatidylinositol 4.5-bisphosphate in the 
plasma membrane, could block Mal function, 
Mal contains a binding domain for pho 
phatidylinositol 4.5-bisphosphate, an intera 
tion that facilitates its recruitment to domai 
in the plasma membrane containing TLR4 (8). 
This would preclude the recruitment of 
MyD88 and activation of NF-xB-driven 
inflammation, 

‘One plausible explanation for different 
‘modes of TLR4 signaling is that the nature of 
ligand-bound MD-2 may differentially acti- 
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vate TLR4, resulting in different arran; 
‘ments of the TIR domain in the cytoplasmic 
region of TLR4. The structure of MD-2 pro- 
ides clues as to how this might come about. 
For example, one of the true surprises of the 
MD-2 structure is that neither of the two 
lysine residues that flank its hydrophobic 
pocket (Lys!¥ and Lys) bind the 1-or the 4- 
phosphate of lipid IVa, contrary to previous 
predictions (9). It may be that the same phos~ 
phates on lipid A are free to interact with 
TLR4 and thereby influence how the receptor 
‘undergoes conformational changes or, alter- 
natively, forms dimers or higher-order recep- 
toraggregates, Highly toxic forms of lipid A, 
which have six to eight acyl chains, must sit 
differently in the hydrophobic pocket of MD- 
2.pethaps enabling the lipid to bind more effi- 


ciently to. TLR4. Depending on how many 
phosphates bind to TLR4. ifany at all, or how 
tight the binding might be, the TLR¢-MD-2 
complex might form distinct types of signal- 
ing platforms in the cytoplasmic domains of 
TLR4 dimers and hence selectively recruit 
adapter molecules. Such speculations make it 
imperative that a high-resolution structure of 
MD-2 bound to.a proinflammatory endotoxic 
ligand such as lipid A. as well as of MD-2 
boundto the extracellular domainof TLR4, be 
resolved. Additional studies should focus on 
the selective recruitment of adapter molecules 
by different TLR4-MD-? ligands. Better inte- 
grating the studies of function and structure 
Will enable the design of new adjuvants and 
other drugs for the myriad of human in- 
flammatory disorders associated with TLRS, 


including systemic lupus erythematosus, 
sepsis, and asthma. 
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ATMOSPHERE 


How Will the Stratosphere Affect 


Climate Change? 


Mark P. 


he recent projections ofelimate change 
I considered by the Intergovernmental 
Panel on Climate Change (IPCC) (1). 

\hich focus on the troposphere (up to 10-km 
altitude), are based on climate models that 
langely neglect the effects of the stratosphere 
on climate change. Yet. the stratosphere (at 
hitusles of 10 t0 50 km) contains Earth's pro- 
ive ozone layer, Which affects the energy 

ince of the lower atmosphere. Further 
in the lower strato~ 
km altitude) affect tropo- 
spheric weather and climate, ially at high 
latitudes (2). Why is it so difficult to include 
stratospheric effeets in IPCC proj 
In the past ~25 years, the composition of 
the stratosphere has changed substantially. 
Abundances of anthropogenic greenhouse 
3) and ozone-depleting substances (4) 
have risen, while the ozone layer has thinned 
(see the figure). Following the successful 
implementation of the Montreal Protocol, 
‘which regulates production of ozone-deplet- 
ing substances, the concentrations of these 
substances in the stratosphere have stabilized, 
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and the severity of the ozone hole is expected 
to decrease over the coming decades. How- 
ever, concentrations of most greenhouse 
szases will continue 10 rise. 

The temperature of the stratosphere is 
determined by small quantities of gases that 
interact with the incoming solar and outgoing 
infrared radiation, Ozone heats the strato- 
sphere by absorbing solar ultraviolet radia- 
tion. Greenhouse gases (including ozone and 
‘ozone-depleting substances) both absorb and 
‘emit infrared radiation and can thus either 
heat or coo! the atmosphere, depending on the 
balance between absorption and emission; 
for each gas, this balance depends on altitude 
and temperature (2). In the case of carbon 
dioxide, increased abundances cause a net 
‘warming of the troposphere and a net cooling 
of the stratosphere. 

Satellite observations confirm that the 
stratosphere has cooled since 1979. in re- 
sponse to a combination of increasing carbon 
dioxide and ozone depletion (5). In the lower 
stratosphere, the global-mean cooling ap- 
pears to be primarily attributable to ozone 
depletion (5). However, the radiative changes 
in the lower stratosphere depend strongly on 
latitude: Ozone depletion has led to cooling 
outside of the tropics, especially in polar 
regions (6). whereas the direct radiative effects 
of ozone-depleting substances have had a 
substantial warming effect in the tropics (7) 


Changes in stratospheric chemistry and 
irculation associated with ozone recovery may 
affect the patterns of future climate change. 


This latitudinal dependence implies that 
the north-south temperature gradient and the 
\wind structure of the lower stratosphere must 
also have changed. The altered winds modily 
the propagation of atmospheric Rossby waves 
(which are responsible for ange-seale modu 
lations ofthe et stream) from the troposphere 
into the stratosphere, Such changes in strato- 
spheric winds in turn affect weather and eli- 
mate at Earth's surface 

For example, the ozone hol 
em Hemisphere spring has.at 
surface climate (8), In the Northe: 
sphere, natural oscillation of equatorial 
Siratospheric winds with a period of roughly 
2 years affects midwinter surface wind pat- 
terns over northem Europe (9). During wi 
ter, wind shifis in the lower stratosphere pre- 
cede similar wind shifts at the surt U0, 
with substantial changes to both weather and 
the likelihood of extreme weather events (/ 7), 
The mechanisms by which stratospheri 
culation changes are communicated 10 the 
surface are not well understood (/2), but any 
long-term changes to stratospheric winds and 
temperatures are likely to affect surface eli- 
mate and climate variability. 

The changes to temperature and circula- 
tion in the lower stratosphere over the past 
~25 years seem to have been driven primarily 
by changes in ozone-depleting substances 
and ozone depletion. They can thus be ex- 
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pected to reverse as the ozone layer recovers, 
This reversal mi ter, the 
climate-change signal from other greenhouse 
gases, Therefore, studies att 
plain and predict climate change 
account for the combined effects of climate 
change and ozone recovery. 

The coupled atmosphere-ocean climate 
models that are used to understand past and 
fiture climate change generally do not have 
substantial interactive chemistry or even 
well-represented stratospheres, These models 


‘obscure, or even 


mpting to ex- 


must 


often include the radiative effects of ozone- 
depleting substances and of ozone depletion, 
but they are not designed to predict changes 
to the ozone layer or the dynamics of strato 
sphere/troposphere coupling. Many of the 
models considered in the recent IPCC report 
(J) held stratospheric ozone forcing constant 
uring the Ist century. Inany case, without a 
well-represented stratosphere, it is unlikely 
that the dynamical response to stratospheric 
radiative changes can be captured 

Coupled chemistry-climate models, such 
as those used in (5), include good representa- 
tions of the stratosphere and interactive ozone 
‘chemistry and can therefore simulate changes 
to the ozone layer and their coupling to cli 
mate chang 
ozone recovery will not be a simple reversal 
of ozone depletion. Rather, the stratospheric 
cooling from increasing greenhouse gases 
of the 02: 


According to these models, 


ne 


will accelerate the recovery 
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layer, so that pre-1980 ozone abundances are 
expected to be reached in the middle of this 
century. The main reason for this accelera- 
mical 
5 will be slowed as the stratosphere 
cools, Beyond 2050, the ozone layer is pre= 
dicted to become thicker than observed at 
any time in the last century as the strato- 


tion is that most ozone-destroying ch 


sphere continues to cool 

Nearly all climate models with well- 
represented stratospheres indicate that the 
large-scale equator-to-pole overturning 
circulation, called the Brewer-Dobson circu- 
lation (/3), will accelerate under climate 
change (/4). This would lead to weaker west- 
erly winds and higher temperatures in the 
cextratropics during winter and spring. Such 
circulation changes would be expected to 


couple downward to affect surface weather, 
especially over the Arctic and Europe. How- 
ever, stratospheric models have so far used 
prescribed ocean-surface temperatures, Which 
strongly damp any tropospheri 
stratospheric changes. 


Fesponse to 


effects in coupled atmosphere-ocean climate 
models will not significantly alter the overall 


estimates of globally averaged surface warm- 


z. However, because of the possibility of 


dynamical responses to the stratospheric 


changes, projections of the evolution of polar 
climate could be substantially different, espe- 
cially in the winter and spring in the Northern 
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Ozone and climate. Chemical reac- 
tions on polar stratospheric clouds, 
such as those shown here (taken over 
Sweden fram the NASA DC-8 on 14 
January 2003), lead to stratospheric 
‘ozone depletion. Models predict that 
the azone hole will recover over the 
course of this century, affecting cli- 
‘mate patterns in the stratosphere and 
at Earth's surface, 


Hemisphere and spring and sum- 
mer in the Southern Hemisphere. 
Estimates of the future evolution 
of rainfall and storms in northern 
|-latitudes could also change, 

Predicting the future effects of 
jospheric change on surface 
al task. Do- 
models that 
combine the coupled oceans of 
the current climate-prediction 
models with the detailed strato- 
spheric radiation and chemistry of 
stry-climate models. This 


climate is a substan 


ing so will require 


chen 
modeling was impractical fa 

the 2007 IPCC report. It is an im- 
pending challenge for modelers to 
include a full representation of 
stratospheric circulation and chemistry in the 
next IPCC report. 
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NEUROSCIENCE 


Neural Networks Debunk 


Phrenology 


Robert T. Knight 


ystems neuroscience 
aims to understand 


how billions of neu- 


ae 
od 


“Bottom-up” attention; 
‘automatic and effortless 


Intracortical recordings reveal that distinct 
regions of the mammalian brain must 
synchronize their activity to support certain 
behaviors. 


bar (the target) that shared 
color and line-orientation 
properties with other bars 


rons in the mammalian “Top-down” attention; r 1055 He) ‘on a computer screen. 
brain support goal-directed requires effort * Because the target bar 
behavior, such as decision Q22t034Hd = ‘atention| was similar to other bars 
making. Deciphering how "25 1 45 H) ‘onthe sereen, the monkey 
individual neurons respond to s had to search to pick out 
sensory inputs or motor devisions P the salient target, a task 
has focused on delineating the neural requiring deliberate effort, 
basis of these processes in discrete During this task, prefrontal cortical 
regions of the brain's cortex, and has pro- s Cae wiaiavaien neurons were activated first, and synehro- 

sights into the physiological (oH) nous activity with neurons in the parietal 


ior, However, evidence 
from neuropsychological, electrophysio~ 
logical, and neuroimaging studies in 
humans has revealed that interactions 
between widespread neural regions in the 
brain underlie fluid organized behavior. Two 
papers in this issue, by Womelsdorf er al. on 
page 1609 (/) and Saalmann er af. on page 
1612 (2), and a recent paper in Science by 
Buschman and Miller (3), unravel the details 
of these interactions by assessing the simul 
neous activity of neurons in multiple sites of 
the mammatian brain, The studies show that 
network interactions among anatomically dis 
crete brain regions underlie cognitive pro- 
cessing and dispel any phrenologieal notion 
that a given innate mental faculty is based 
solely in just one part of the brain. 

Buschman and Miller used a ex 
perimental approach of manipulating “top- 
down” and “bottom-up” attention in mon- 
keys. Top-down searching—for example, 
searching forthe infamous Waldo character in 
a children’s book illustration—typically re 
quires effort. By contrast, bottom-up search 
ing is predominantly an automatic behavior, 
such as finding a red balloon in a sea of blue 
balloons —the red balloon literally "pops out” 
of the visual scene. Buschman and Miller 
recorded neuronal activity from multiple sites 
in the prefrontal and parietal cortical areas of 
the monkey brain (the cortex is largely respon- 
sible for high-level cognitive processes such 
as attention, memory, and decision-making). 
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Communicating at a distance. Oxcillatory neu- 
ronal (electrical) activity in defined frequency 
‘anges supports synchronous interactions between 
anatomically distinct regions of the mammalian 
brain illustration of rhesus macaque shown) during 
‘cognitive tasks that require deliberate or automatic 
attention, memory, o visual processing. 


These regions are several centimeters apart, 
but are connected by extensive bundles of 
axons (neuronal extensions that form the 
cuitry ofthe brain), suggesting that they might 
communicate with each other while the ani 
‘mal performs behavioral tasks. In classi 
gle-neuron recording studies, different brain 
areas are examined by different investigate 
‘who observe different tasks in different ani- 
mals, The advantage of recording from multi- 
ple sites in the brain simultaneously is that 
these factors are held constant, thus allowing 
precise analysis of the relative timing of neu- 
ral activity in the same animal, 

Buschman and Miller determined both 
the electrical activity of individual neurons 


(called single-tnit activity) and the netensem- 
ble activity of many neurons (called the local 
field potential) in the monkey brain. Repetit- 
ive activity of these neuronal ensembles is 
manifested as oscillatory activity in different 


frequency bands, which can be readi 
tracted from the ongoing electrical activity of 
the brain. During a top-down serial visual 
search, the monkeys had to detect a colored 


cortex increased in the 22 to 34 Hz fr: 
quency range in the prefrontal cortex (see 
the figure). For the bottom-up task, the tar 
et bar differed from all other bars on the 
sereen in both color and orientation, leading 
to rapid and effortless arate Inve. 
sponse to this sche tal neurons were 
Zit ft, and syste city wih 
the prefrontal cortex was observed at a fre- 
quency range of 35 to 35 Hz in the parietal 
cortex. The findings highlight two-way inter- 
action between these distinct regions of the 
‘mammalian cortex. with communication path- 
‘ways tuned to different frequencie 
The work by Saalmann and collea 
extends these observations, using single-unit 
and local field potential recordings focused on 
the eflect of the parietal cortex on the area that 
perceives motion (MT area) of the monkey 
brain. The MT is connected to many different 
cortical regions of the brain and plays major 
role in perceiving movement, Because the 
posterior parietal cortex is involved in spatial 
processing, Saalmann ef al, reasoned that it 
‘might communicate with the MT. For these 
experiments, a monkey has to judge whether 
two sets of stacked bars, presented half a 
cond apart from each other, match in both the 
spatial location of the bars and their orienta- 
tion in space. As in the Buschman and Miller 
study, neuronal activity was recorded simulta- 
neously in the parietal and MT sites of the 
brain, The authors detected single-unit activ- 
ity in the posterior parietal cortex before that 
in the MT, and synchrony between these two 
regions ata25 to 45 Hz frequency range in the 
MT. A phase delay in synchronous activity 
between these two regions is indicative of 
a top-down effect of the posterior parietal 
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cortex on the MT during this matching task. 

Using similarexperimental logic, Womels- 
dorf et al. analyzed three single-unit activity 
and local field potential data sets obtained 
from cats and monkeys. These activities were 
recorded from areas in the brain (called 18 and 
21a in the eat and V1 and V4 in the monkey) 
involved in vision, including color, object, 
and stereoscopic processing. The authors 
“observed that the phase delay (in millisee- 
onds) of oscillations in the local field potential 
between nearby sites (from I mm to Lm 
apart) determined the efficacy of synchro- 
nized neuronal activity between the sites. It 
has been shown previously in animals that 
local field potential in the frequency range of 
410 7 Hz predicts both single-unit activity and 
higher frequency (30 to 200 Hz range) os 
tory activity (4). This local mechanism, 
involving coupling ofa brain rhythm and sin- 
gle-unit activity, has been proposed to syn- 
chronize neural activity between regions, 
‘enabling effective communication between 
brain areas (5). 

Taken together, the three papers indicate 
that top-down signals between brain regions 
regulate the flow of information and that dis- 
tributed neural networks that use oscillatory 
upport a broad spectrum of neural 
processing and behavior. The results in eats 
and monkeys also nicely parallel findings in 
humans, For instance, brain lesion, electro- 
physiological, and neuroimaging research in 
humans (6, 7) has shown that top-down sig- 
nals from prefrontal and parietal cortices rey 
ulate attention and working-memory capacity 
The findings in animals that oscillatory dy- 
hamies support network activity and enhance 
the efficacy of synchronized activity between 
distributed neural regions has also been ob- 
served in humans. Intracranial data from sub- 
dural electrodes in the human cortex: have 
shown that oscillations in the 4 to 7 Hy fre- 
'y range are coupled to high-frequency 
ations in the 30 to 150 Hzrange in areas 
imilar to those studied in the monkey brain 
by Buschman and Miller and by Saalmann et 
al, Further, this particular coupling me 
nism is used to delineate task-specifie net- 
work activity (8. 9). A recent human intracra- 
nial study reports that single-unit activity in 
the human brain is synchronized to local fiekd 
potentials in the 4 to 7 Hz and | to 3 Hz 
quency ranges in the hippocampus (/0), fiar- 
ther supporting the observations initially 
reported in animals. 

It is now widely agreed that defining net- 
work interactions is key to understanding 
normal cognition. There are also numerous 
psychiatric disorders, such as depression, 
seasonal affective disorder, mania, and even 
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some cases of psychosis. that are episodic 
and are not associated with defined neu- 
roanatomical damage. Might it be that some 
of the periodic symptoms are caused by 
intermittent network dysfunction, caused 
by disturbed oscillatory dynamics? If 
0, then the work by Buschman and Miller, 
Womelsdorf et al., and Saalmann et al. may 
havea great impact on our understanding of 
these disorders. 

One myste 
tion in oscillator 
individual spike train rate (the number of 
times a neuron fires each second) or spiking 
frequency (the rhythm at which a neuron 
fires) is not sufficient for coding the vast 
array of processes that underlie perception, 
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memory. or decision making. Nevertheless, 
the three groups have laid the groundwork 
for deciphering this neural code. 
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Food Pathogen Detection 


Carl A. Batt 


New methods for detecting food pathogens can quickly identify single microbes, but major hurdles 
must be overcome before they can be introduced to practical use. 


he detection of food pathogens is eru- 

| ial for food safety: detection methods 

must be fast, sensitive, and accurate. 

Yet. almost all techniques used today to iden- 
tify specifi pathogens in foods take at least 
48 hours, and some take as long as a week, 
Further confounding the challenge isthe need 
to address “zero tolerance,” a standard that 
‘mandates that no viable pathogensare allowed 
in certain foods. To meet zero-tolerance lev- 
els, detection methods need to be sensitive 
down to a single pathogen in a prescribed 
sample. Current methods require several days 
to achieve this standard, because they rely on 
culturing the pathogen to inerease its numbers 
to detectable levels. 

In contrast, modern detection systems cur- 
rently under development analyze food based 
‘on the detection of a specific spectroscopic, 
immunological, or genetic signature (see the 

igure). These methods are potentially faster 
than currently used methods by virtue of their 
enhanced sensitivity, with a detection limit of 
a single cell, in some cases in real time. 
However, the methods have not yet been intro- 
duced to practical use, because they are diffi- 
ccult to integrate with sample preparation and 
handling practices (1). Sample preparation is 
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tedious because the target pathogens cannot 
beextracted and concentrated by simple phys- 
ical means, In addition, sample preparation 
typically depends on the nature of the sample, 
Thus, extracting pathogens from water is dif- 
ferent than extracting the same pathogens 
from milk, let alone ground beef. 

Furthermore, it is often difficult to assess 
the efficacy of the new methods as compared 
to the classic means of detection, becauise the 
former are rarely tested on real food simples 
‘and do not necessarily yield results that ean be 
translated into commonly accepted units of 
measure (such as colony-forming. units), 
Finally, methods that are rapid and sensitive 
‘must also to be field-portable. A method that 
requires the sample to be shipped to a central 
laboratory for analysis with sophisticated 
equipment introduces a delay in the overall 
time to complete the analysis. 

‘Noteven the question “what do We wantto 
know?" has a simple answer. The symptoms 
induced by a food pathogen are obvious, 
especially to the victim, but biochemical and 
metabolic differences between virulent and 
nonvirulent strains may not be as dramatic, 
The genome of Escherichia coli O1S7:H7 
differs vastly from that of its cousin E. 
but from a biochemical perspec 
tive, they are very similar, The fundamental 
question is thus whether a food contains a 
pathogen that causes a person to become ill 


‘oli 
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when he or she ingests it 

Thisoutcome-based anal- 
ysis is counter to any current 
or anticipated technologies 
that simply identify the pres- 
ence of a particular target 
organism, One potentially 
interesting assay is based 
‘on the physiological response 
of cells isolated from the 
fish Betta splendens(3), The 
pigmentation pattern of 
these cells changes when 
they are exposed to toxi- 
genic strains of Bacillus 
‘cereus, and this change ean 
be monitored by micro- 
seopy. This system is unique 
in that its readout does 
not depend on a micto- 
biological or biochemical 
definition of a particular 
strain, but rather is related 
10 the toxigenicity of the 
pathogen, 

‘The main challenge in 
food pathogen detection 
technology is. familiar to 
anyone who has worked 
with any analytical instru 
ment: detecting the signal 
against background noise. Various identifying 
signals can be used to detect a particular 
organism. Attempts to harness spectroscopic 
signatures have been reported (4). Direct 
physical signals of this kind are intri 
because they circumvent cl 
reagents that complicate the assay merely by 
the need to add them or by compromising 
specificity, Biochemical, immunological, and 
more recently genetic-based methods have 
enhanced specificity, but typically then 
require some signal transducer to provide 
a readout that indicates the presence of 
the patho, 

The challenge for spectroscopic measure 
‘ments is that they rely on an indirect signature 
that is difficult to correlate to a particular 
pathogen. Furthermore, there isa lotof noise in 
biological samples. These methods work well 
‘when the organism is examined in isolation 
(and even better in a vacuum), but are chal- 
lenged when that organism is surrounded by 
the biological matrix that makes up food. The 
low signal-to-noise ratio is confounded by the 
desired, if not legislated, mandate of zero toler- 
ance (5), In the spectroscopic noise that food 
presents, detecting the spectroscopic signal of 
a single bacterium is virtually impossible. 

The signal-to-noise problem can be over- 
come by introducing a mechanism to deliver 


Fast and sensitive. Scanning electron micrograph of sitcon pillars that 
{are part ofan integrated “lab on a chip” forthe purification and detection 
‘of nucleic acid (2). The pillars are 10 jm by 10 jum by 50 pm and capture 
DNA through electrostatic binding to their surface. 


the target bacterium to a highly sensitive se 
sor, away from the food, Detection can be 
simple. For example. single E.coli bac- 
terium can be detected by measurement of its 
mass while itis perched on the tip of a cat 
tilever. The cantilever is modified with micro- 
fabrication to pattern a gold pad at the end, 
upon which E. coli-specific antibodies are 
attached (6), When a bacterium is captured by 
this antibody. the sensors measure the cha 
in mass(7). 

Mass-based methods such as this are 
intrinsically nonspecific: it isthe antibody that 
introduces specificity. shifting the detection 
paradigm from a classic identification to an 
immunological signature. The challen; 
twofold. First, antibodies need to be reason- 
ably close to their target antigen to bind, 
Diffusion isnot an option, especially given the 
viscosity of a medium like food. Second they 
are not absolutely specific and may therefore 
lead to false-positives 

To bring the target analyte in close proxim- 
ity to the detector, a microfluidic imerfi 
required that can sample a large volume of liq- 
uid and pass it within a few hundred nano- 
meters of the sensor (J). However, most food 
samples are particulate and prone to clogging 
of micrometer- and submicrometer-sized 
channels, These problems may potentially be 


vel 


overcome by using sample preparation meth- 
codsin which both captured biomolecules (that 
is, antibodies) and target analytes can diffuse 
freely (8), However, in most existing methods, 
‘one or more components tend to be Fixed onto 
asolid surface. 

One of the most promising approaches to 
detecting a single bacterium was realized 
almost 20 years ago with the invention of the 
polymerase chain reaction (PCR), This me- 
thod can’ copy of a target DNA 

sin- 
rium in food. It is promis- 
s the organism by ampli- 
the target rather than the si 
therefore less prone to producing false-posi- 
tives. A target DNA can be amplified 
1 -million-fold in less than an hour, with 
tivities in theory down to a single target 
pathogen, However, before PCR can find 
widespread application in food pathogen 
detection, sample preparation and delivery of 
the target nucleic acid sequence to the PCR- 
detection component must be simplified 

Even if these practical hurdles can be over 
come, other obstacles will remain, The new 
methods focus on characteristies that are dif= 
ferent from traditional microbiological analy- 
ses, yet most food regulations are based on 
pathogen identity as defined by classic meth- 
‘ods and traditional nomenclature. For exam- 
ple, £, coli O157:H7 is defined by reactivity 
with a set of antisera, whereas Salmonella 
DT104 is defined by sensitivity to particular 
bacteriophage. Any deviation that includes 
genetic, spectroscopic, or other signatures 
‘must account for this traditional definition of 
the organism, 

Advances in methods for the detection of 
pathogens will need to be accompanied by an 
equivalent effort in the area of sample pre 
ration. Detection systems alone will not elim- 
inate pathogens from the food supply. nor is it 
reasonable to expect that the food supply ean 
be made “sterile.” Ensuring food safety is a 
complex issue that requires advances in tech- 
nology as well as education of food suppliers 
and the general public. 
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The Macroecological Contribution to 
Global Change Solutions 


Jeremy T. Kerr, * Heather M. Kharouba,? David . Currie? 


‘Anthropogenic global changes threaten species and the ecosystem services upon which society 
depends, Effective solutions to this multifaceted crisis need scientific responses spanning 
disciplines and spatial scales. Macroecology develops broad-scale predictions of species’ 
distributions and abundances, complementing the frequently local focus of global change 
biology. Macroecological discoveries rely particularly on correlative methods but have still, 
proven effective in predicting global change impacts on species. However, global changes create 
pseudo-experimental opportunities to build stronger, mechanistic theories in macroecology that 
successfully predict multiple phenomena across spatial scales. Such macroecological perspectives 


will help address the bi 


y changing global climate, expanding and 
Beenie is ss pte 
ducing exotic species, and overharvesting 
biological resources (7), human activities. have 
accelerated extinction rates massively (2). The 
biotic consequences of these factors, collectively 
the study of global change biology, arent 
in progressive degradation of ecosystem services 
uupon which humans rely (3), climate 
cchange- induced shilts in species’ distribu- 
tions toward the poles (4) and higher 
ons (5), and in rapilly changing 
phenologies (6), The policy responses 
heeessary to overwome such enormous 
challenges must draw on many scientific 
disciplines and apply te the full range of 
spatial scales over Which global changes 
exert their effects, 
fen though many of these effects 
will occur over broad spatial scales [6.8 
(7)}, most global change biology studies 
‘concentrate on smaller, offen experimen- 
tal, areas (Fig. 1). The local processes 
discovered by such studies are essential 10 
predict how global changes might pro- 
‘eced and can scale up in surprising ways. 
to illuminate broaderscale trends. For 
‘example, experimental warming of alpine 
meadows caused unexpected changes in 
species composition toward woody shrubs 
that led to substantial release of stored soil 
carbon (8), This biological feed-forward 
mechanism has global implications be- 
cause, if tis representative of other areas, 
itimplies the existence ofa tipping point beyond 
Which climate change could accelerate rapidly 
The controlled, experimental approach frequent- 
ly used in global change research also makes for 
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consequences of global change, 


strong inference: It i virtually certain that the 
ticatment (in this ease, warming) caused the 
effect (biotic community transition keading to soil 
hange studies, 
however, strong inference within highly con- 
trolled experimental settings is purchased at the 
cost of clear broad-scale applicability. For in- 
stance, biotic interactions among three fruit fly 


Ln (spatial extent in km?) 


Fig. 1. The contrast in characteristic spatial scales of macro- 
‘ecology and global change biology é evident from this survey of 
publications in the two journals that address these 

isciplines most consistently: Glabal Ecology and Biogeography 
(GEB, which presents itself as the journal of macroecology) and 
Global Change Biology (GCB). We started with the mast recent 
‘issue (December 2006 for GCB and January 2007 for GEB) and 
worked back until equal sample sizes of 79 studies for each 
journal were reached. Studies without an interpretable spatial 
‘extent (eg. some meta-analyses) were omitted, but fr all others, 
the spatial extents were recorded. Green bars represent results for 
slobal change biology and purple bars, for macroecology. 


species and their parasitoid predator determined 
their distributions and abundances within an 
experimental microcosm (9). Widespread thous 
such interactions may be, litle evidence yet su- 
gests they are similarly dominant at the regional 
extents over which predictions for species range 
shifts are most widely needed (10) 
Macroccology is a recent research program 
that aims to develop quantitative predictions of 
the abundance and distribution of species, usual- 
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ly over broad areas (landscapes to continents) 
(Fig. 1) oF for large numbers of species. These 
research aims are ideal to address key global 
change issues at immediately relevant spatial 
scales (JJ), There is no shortage of problems 
ceding solutions. The impacts of broad-scale 
climate and landase change on geographical pat- 
tems of species richness can be predicted with 
macmecological methods, potentially helping di- 
ct conservation resources to regions where newd 
is greatest. Similarly, studies of patterns and im- 
acts of biological invasions across islands sugest 
strategies that could reduce future losses, Such 
macroccological pattems are supported by increas- 
ingly mechanistic hypotheses with clear global 
change applications. Here, we review a range of 
macroceological concepts of particular and imme- 
diate relevance to global change research, as well 
as obstacles hindering their more widespread use, 
Broad-scale research methods have aleady prov 
cn valuable for global change research, but new 
developments in macroecology greatly enhance its 
potential contribution 


Potential and Problems for Macroecology 

in Globat Change Research 

Brown’s seminal book in macroocology begins 

with an example—the effect of elit 
‘on species living on mountaintops 
clearly demonstrates the discipline’ 


e change 
that 


me's n 
vance to global change (/2). As with most 
macroecological studies, this one used 
‘observational data within a correlative 
framework, a common approach when 
focusing on regional phenomena at their 
native spatial scales. 

Macroccological approaches 0 eft 
cal global change phenomena have since 
proliferated considerably, For instance, 
predatory mammal species have been 
introduced widely on oceanic islands. 
The number of recent extinctions among 
island birds, particularly endemies, de- 
pends strongly on numbers of exotic preda- 
tory mammals that have been introduced 
those islands. Preventing further intro 
ductions of exotic predators is a critical 
Part of conservation strategies for iskinds 
(U3). This study's reliance on comelative 
models weakens its grip on cause and 
effect slightly: Habitat losses might have 
‘contributed to the observed effects (14, 15). 
However, its difficult to think of a small- 
scale, experimental approach that would 
have been as broadly applicabh a result, 
immediately useful. Similarly, effects of land-use 
change on species conservation have also been 
ascertained with spatial correlations of broad- 
scale data sets. Endemic and threatened species 
ate heavily concentrated in tropical mountain 
ranges in sub-Saharan Affica, coincident with 
human population densities. Combined with 
the observation that the bushmeat trade con- 
tributes strongly to mammal decline, this corre- 
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lation suggests a course for conservation that 
accommodates the agricultural land uses of local 
Peoples while improving regional protected arca 
networks (16), 

Macroecology’s signature statistical approach 
has also provided the foundation for some of 
ecology's strongest theories. Island biogeography 
is perhaps the most widely influential ecological 
theory, and itis built on observations that species 
numbers on islands increase with island area but 
decrease with isolation (Fig. 2A) (17). This 
theory has also proven extraordinarily valuable 
nge research. As climate warms, 
the mountainous southwestem 
United States will sift to higher elevations. The 
‘ensuing reduction in their area is expected to 
climinate 9 to 622% of small-mammal species 
‘currently inhabiting these habitats (2). The rela- 
tionship between habitat area and species rich- 
ness has boen further refined to reflect the reality 
that species in_-human-altered landscapes. use 
natural and modified habitats to varying degrees. 
This countryside species-area relationship pre= 
dicts the conservation status of terrestrial mam 
mals in Central America and also yiekls: more 
‘optimistic (and accurate) assessments of extine= 
tion rates (18). 

Despite their equent reliance on correlation, 
mucroecoloytical relationships are built on solid 
biological foundations, For instance, the spec 
thennal tolerances of bird species difler consid- 
erably—the goklen-crowned kinghet (Regul 
satrapn) is absent from parts of Nonth America 
where winter temperatures consistently drop 
below about 18°C, while prairie warblers 
(Dendroica discolor) inhabit only wamver areas 
above 7°C (19), By considering large species 
assemblages simultaneously, strong macrocco- 
logical relationships can emenge from species 
specific pattems (20) that help predict biotic 
responses to global change. For instance, climate 
predicts global patioms of bind species richness 
(21), Within Europe, the spatial relationship be- 
thvcen bird community composition and climate 
suceestilly predicts the trajectory of those com 
munities as climate has changed (22). Although 
derived from purely spatial analysis, this macro- 
ecological relationship also exphiins how climate 
change has altered bid community composition 
though time. 

Converting macroecological discoveries into 
predictions about global change biology is often 
difficult and always risky. Obtaining suitable 
data is frequently a formidable challenge. Be- 
‘yond this, however, several additional problems 
must be overcome. First, macroccological studies 
‘often depend on post hoc curve-fitting, capable of 
producing very strong statistical relationships 
(23). Unfortunately, competing, mechanistically 
dissimilar hypotheses can each predict the same 
‘patter, and macroecologists rarely have recourse 
to experimentation to ascertain cause and ef 
fect (/2) Instead, differences in support among 
hypotheses are taken to mean differences in 
their likelihood of being true, a conclusion that 
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sophisticated statistical arguments can str 
cen but not prove. The latitudinal gradient of di- 
versity is a classic evample: Latitude predicts 
«tlobal species diversity quite well for most taxa 
(24) Itrelates to diversity, however, exclusively 
because it is a surrogate for collinear environ- 
mental variables, like temperature. Second, pre- 
dicting the biological impacts of global change 
involves extrapolation, sometimes beyond any 
combination of environmental conditions that 
have been recorded. There are currently no 
modem analogs for some vegetation assem- 
bblages that existed in the late glacial period in 
easter North America, which likely arose from 
combinations of climate variables that also lack 
contemporary analogs (25). Strong theoretical 
and empirical evidence for a specific prediction 
can reduce, not eliminate, such extrapolative 
‘uncertainties. Finally, unigue or stochastic 
Phenomena create imeducible noise in macro- 
ccological relationships, as the flora and fauna of 
the Krakitau islands testify (26) It shouk! be 
noted that such rare events provide opportunities 
for pscudo-experimental tess of new and existin 
hypotheses, as shown by subsequent studics of 
colonization and succession on Krakatau, 


Strengthening Macroecological Contributions 
to Global Change Biology 
If macroccological research is to make effective, 
reliable contributions to global change biology, it 
must improve its capacity 10 demonstrate cause 
and effect. Experimental tests of hypotheses the 
usual scientific method to distinguish cause from 
correlation —are normally impractical, unethical, 
‘or both at broad spatial scales (/2), Instead, 
frontier macroceoloygical studies begin by testing 
for links between some biological phenomenon 
¢B) and environmental predictors (E) using sta- 
{tistical tools, Such relationships are usually based 
‘on observations of some spatial pattem. However, 
iE truly causes B, then those spatial relationships 
should be consistent as conditions change, the 
‘essence of experimentation (27). 

In other words. spatial relationships should 
‘be consistent temporally if they are te. Spatial 
Variation in bird species richness in North 
Amica relates strongly to gradients of primary 
‘productivity. However, seasonal variation in bint 
species richness also tricks the annual cycle of 
Primary production: Birds track resource avail- 
ability over the course of the year (28), In this 
case, natural environmental changes lead to the 
‘same biological response observed from a purely 
spatial relationship. Itis ironic that global change 
also provides pscudo-experimental opportunities 
to test macroecological relationships. Biology- 
‘environment relationships for native species, for 
instance, can be compared to these for exotic spe- 
cies to generate an independent test of the con- 
sistency of macroscological relationships (29), 

Research based on historical data, with its 
temporal perspective on natural and anthropo- 
genic change, is imaluable when predicting 
biotic outcomes of global change (30). Climate 


species. 


Fig. 2. (A) The classic model of island bio- 
‘geography (17) proposes thatthe statistical effects 
of area and isolation result from two underlying 
‘processes: the rate of colonization by new species, 
and the rate of extinction of established species. 
These two rates depend upon the number of species 
on the island, island area, and fsland isolation. (B) 
A combination of area, isolation, and climate 
predicts bird species richness in defined areas on 
‘continents and on oceanic islands anywhere in the 
world (35). (© The mechanism underlying climatic 
effects on species richness is more controversial, 
Stochastic niche theory (40) provides a possibility: 
the relative abundances of species, and therefore 
their persistence in an assemblage in a defined 
area, may vary as a function of the number of stan 
dard deviations separating the actual environmental 
condition within a habitat from the species’ climatic 
optimum. The greater this separation, the less 
abundant the species is predicted to be. These data 
are derived from simulations in which habitat 
temperature and species’ optimum temperatures 
have Gaussian distributions. 
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partly determines where species-range bounds- 
ries occur (3/), 


boundaries 10 shift 


so climate 
@ fact with well-known 
palcoccological precedents. But past range shifts, 
such as those following 
across landscapes with little or no. hun 
influence, 
aflcet most terestrialarcas (32), which are likely 
to inhibit the capacity of species to keep up with 
shifting climatic conditions, In Canada, climate 


acial retreat, occurred 


By contrast, human activities n 


and landuse changes during the 20th century 


were considerable in many areas. Butterfly spe 


cies richness tracked changin 
temper 


jures aver this time period, as predicted 
from the purely spatial relationship between 
temperature and richness (33), That this spatial 
relationship remains consistent through time im 
proves confidence that temperature actually does 
partially cause the pattern of butterfly richness 
and is another example where global cha 
fers macroecologists  pseudo-experiment. Hu 
man population density is also 
predictor of butterfly richness, « result also ob- 


4 positive spi 


served among British birds (34), However, in 
ws of Canada where 


man population den. 
sity increased over the 20th century, butterfly 
richness declined (33), No model will necessar 
ily hold under new or unforeseen environment 


tionships by testing them under 
independent conditions. This can most easily be 
done through space: Do relationships developed 
in one part of the world accurately predict pat 


tems in geographically independent areas? For 
‘example, the spatial relationship between bind 
species fichness and a combination of climate 
isolation of islands predicts richness 
(Fig. 2B), Similarly, plant family richness in any 


co I localities and vice versa (35) 


given biome or phytogeographic province of the 
Work! can be predicted from the richness- 
climate rektionship derived based on the rest 
of the world (36). Collectively, such tests dem- 
onstrate the robustness of the undelyiny 
richness-energy hypothesis addressed by 
studies and the incre 
pied by training and testing dat 
Process-based n 


vide more detailed, 


ly important role occu. 


wodels of natural systems pro. 


thanistic predictions. A 
in is MacArthur and Wilson's 
2A) 
a simple, macrooco- 


classic example 


4 bio 
mechanistic theory builds 


‘observ tic 


scography (F This 


1 include processes of 


n by new species and extinction of 


species already present to generate a dynamic 


equilibrium of species richness on islands, This 
simple hypothesis explains the initial macro- 


ccological observation (ic, richness-arca), but 


also successfully predicts a suite 
1a: compositional tumover at cquilibrium, effects 
of factors that enhance imum 
steppin 


ion (corridors 


stones") faunal eollapse, and so forth, 
Adding climatic effects to this mode! greatly 
expands its reach, enabling it to predict diversity 
‘on mainlands andl islands alike (35), Such models 
are particularly powerful because they predict 
different phenomena, not just the first 


19. 3. Biological observations, if available, often include only a species name and a location 


where it was observed. Observation points across Canada for Vanessa atalanta (red admiral) are 
shown in red, derived from the Canadian National Collection (59). These are overlaid on a niche 
model (yellow) of its range derived with Maximum Entropy (60). Environmental data, such as the 
satellite-based land-use map (62) beneath the niche model, are capable of far greater spatial 
consistency than biological data, although they almost never achieve equally high local detail, 
Remote sensing is particularly useful for detecting rapid changes, as shown here, where recent 
forest fires beyond the northern frontiers of this butterfly species’ range are in dark red. 
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pattem of interest. Their zreater mechanistic deta 
sis many tess (alleviating criticisms that 


mucroccological hypotheses are merely the result 
) (23) and they potentially 
pradict the behavior of systems under a wider 
range of conditions, 


of past hoc curve-fitin 


More recent theories expand the number of 
natural biological patterns that can be reduced to 
aa smnall number of basic, underlying processes 
For example, the metabolic theory of ecole, 
beuins by noting that m: 
biology, like population abundance ( 
evolutionary rates (38), depend upon individual 
body size and ambient temperature. Similarly, 
neutral theory proposes that stochastic dispersil 
and speciation-extinction events can predict the 
relative abundances of species, whieh are tated 
as being functionally indistinguishable. 
biotic communities (39), Stochastic niche theory 
(40) combines characteristics of neutral theory 
With environmentally dependent resource com: 
petition to futher improve predictions of relative 
This approach recog 
nizes niche-based differences among. species, 
the optimal, within-habitat temper 


withi 


bundances of species. 


such 
atures for the growth of their propagules (Fig. 
2C), Where temperature is a major determinant 
‘of species’ niche boundaries, for ins 


1, SO: 
chastic niche theory may help predict the eon: 
sequences of climate change, The theory is 
sirengthened further by its potential to prediet 
like the unexpected 


independent phenomena, 
ed invasion success in bio: 
mmunities (47), 


pattern of increa 
logically diverse « 
Yeu 
inescapable tension between capt 
nistic detail and retaining the capacity to predict 
on (42, 43). The most practical 
models for predicting natural pattems will not 
require lange numbers of parameters, especially 
if they are difficult to me 
models will inevitably make inexact 
tions 10 simplify systems that might otherwise 
#3). Decisions 


in process-based models, there is a 


sure, Instead, such 


be unmanageably complex (44 
about which approach to take depend largely on 


Whether the predictive capacity of complex 
models justifies the effort necessary to pa 


terize them, If including species-by-species en 


Vironmental tolerances and competitiveness for 
particular limiting resources improves. oF &x: 
pands predictions of x! global 
change trends (40) (Fig, 2C), adding complexity 
Would have practical benefits. A related macro- 
a) lustrates this point, Climate 
is generally acknowledged as the best overall 
odictor of species richness, but new analyses 
based on South American birds suggest that cl 


gical example 


mute predicts species richness only for broadly 
distributed species (46). Patterns of richness 
among species with smaller ranges relate more 


al processes oF habitat hetero. 
encity (47), In this case, subdividing species by 
the extent of their geographic m ail 
ry lo establish useful global cha 


adds 


predictions from macroecological observations. 
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As Einstein famously noted, models should be 
as simple as possible, but no simpler. 


Detecting Macroecological and 
Global Change Signals 

Before even the most elegant macroccological 
hypothesis can be applied to global change, 
reliable data must be found. On the environ- 
mental side, satellite and acrial remote sensing 
now provide spatially continuous measurements 
‘of an array of environmental characteristics over 
large areas, allowing near real-time detection of 
human-induced and natural changes (48, 49) 
(Fig, 3). Biological data are far more localized 
(ex, plant censuses in 0.1-ha plots: amphibians 
oor birds heard or seen at a particular site. 
Envitonmental measurements with correspond 
ingly high local detail are, at best, on the edge of 
‘what remote sensing ean accomplish, although 
that edge is advancing (50. 

The wellknown mismatch between sparse 
biological observations and spatially continuous 
remote-sensing data (Fig. 3) hinders the devel 
‘opment of biological theory that scales sucess 
fully fiom localities to regions and continents 
(AS, 51), Biological databases require “boots on 
the ground” and cannot keep up with frequent, 
‘even daily, updates provided by remote-sensing 
sources, Many biological data ane stored inac- 
ccessibly in muscums or by individual researcher 
‘The Global Biodiversity Infomation Facility 
(www.ghifon) and related initiatives, like the 
nascent Global Earth Observation System of 
Systems for Biodiversity, will improve this site 
uation considerably and lower one ofthe simplest 
barriers to building effective responses to global 
change: knowing What species are present in an 
affected area, These ongoing monitoring activ- 
ities are essential to detecting and modeling biotic 
responses to global change and can be effective 
without comprehensive data (52), 

Species niche models can help reduce the 
mismatch between sparse biological observations 
and spatially continuous environmental data ($3), 
‘These models use detailed environmental data to 
describe, in spatial terms, species” niche bound 
Fics, transforming a small number of presence-only 
‘observations (although some data sets include 
presence and absence data) across a region into 
a spatially continuous prediction ofits entire range 
(54, 55) (Fig. 3). The results yield by these mod 
cls can be surprisingly powerful. In Madagascar, 
satellite data were used to develop range models 
foe chameleon species (56). These models consist- 
cently predicted the presence of chameleon species 
in unsurveyed ancas beyond the chameleons” 
known ranges. Several sister species to those being 
modekd were then discoverad in these areas 
Despite their great promise, niche models must be 
used with caution, Diflerent modeling techniques 
‘predict vastly divergent climate-change impacts on 
the ranges of four Sout Affican Proteaceae spe- 
cies, froma range expansion of >300% 10 a loss of 
900% (57). Integrating predictions from several 
modeling methods—ensemble forecasting —may 
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reduce such wild uncertainties (58), However, 
Projecting niche models through time requires a 
space-for-time substitution that is demonstrably 
unreliable (33). Niche models will continue to 
play a role in macroccological and global change 
research but cannot replace biological monitoring 
programs that collect primary data, 


Conclusions 
Although macrecology tll needs corlative 
approaches to explore its rapidly expanding fron- 
tiers, stronger methods reveal mechanisms more 
readily and reduce confounding effects intrinsic to 
‘broad-scale, nonexperimental research, These 
methods include a eritical and expanding role for 
remote sensing and pethaps niche modeling in the 
measurement of relevant biological and cnvi- 
ronmental characteristics. More important, how= 
ever, global change flumishes macroecology with 
pseudo-experimental opportunites that improve 
macroccology’s predictions and global chan, 
relevance. Warming climates in the 20th century, 
for instance, allow for temporal tests of the species 
richness-enerey hypothesis, which might improve 
{quantitative predictions of how spatial pattems of 
diversity will change in the coming decades, 

Models that specify mechanisms or that 
‘predict many phenomena at once, like stochastic 
niche theory or metabolic theory, play an in- 
creasing role in theoretical macroccology. The 
versatility of these models staves off eriticisms 
that macrogcokogy cannot reach past its histori- 
cally correlative framework to grapple effectively 
\ith causation. As the refiabilty of these models 
is tested and improved, especially by ensuring 
that they are consistent temporally as well as 
spatially, their potential to provide specific solu- 
tions 10 global change problems will also in- 
crease, Concem about global change is justifiably 
intense because of its expanding biological con- 
sequences and effects on the sustainability of the 
human enterprise. Macroccology is built on 
strong biological foundations and offers impor- 
tant, broad-scale theorics that will help address 
these ungent global change issues. 
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The Mass of Dwarf Planet Eris 


‘Michael E. Brown* and Emily L. Schaller 


1 discovery of Kuiper belt object (KBO) 
| 2003 UB313 (/), now offically named 
is prompted the recent reevaluation of 
Pluto's status as planet and the eration ofa new 
category called “dwarf planets: objects in orbit 
around the Sun that are lange enough to be in 
hydrostatic equilibrium but have insufficient 
mass 10 gravitationally dominate their region of 
the solar system, Eris is larger than Pluto (2, 3) 
and thus the largest currently known member of 
wart planets, 
‘The subsequent discovery of Dysnomia (4), 
4 satelite of Eris, presented the opportunity 
directly measure the mass of Eris by determining 
the Keplerian orbit of the satellite. Observations 
‘of Eris and! Dysnomia were obtained on 20, 21, 
30, and 31 August 2006 (UT) with the Keck 
Observatory laser guide star adaptive optics 
(LGS AO) system (5, 6), Observations fiom the 
Hubble Space Telescope (HIST) were taken on 3 
December 2005 and 30 August 2006, From mes 
surements of the relative positions of Dysnomis 
‘on these six nights (Fig. 1 and table St) plus the 
from the discovery on 10 September 
‘we determined the orbit of Dysnomia by 
Using a Powell 2 minimization scheme to find 
the optimal orbital parameters, We firs attempted 
to fita purely circular orbit in which the five tree 
parameters are semimajor axis, orbital perio, 
inclination, longitude of the ascending node, and 
mean anomaly. The best fit orbit has 77 value of 
6.5 oF a reduced 7 for nine degrves oF freedom 
(C14 x, ¥ coordinates minus $ orbital parameters) 
‘of 0.7, indicating an excellent fit wo the model. 
Expanding the model to allow an eaventric orbit 
tives a best-fit eccentricity of ~0.007 and only 
marginally lower reduced 77 of 0.6, suggesting 
that the current observations contain no statistical 
evidence for a noncircular orbit. Derived orbital 
elements along with uncertainties from Monte 
Carlo analy sis appear in table 
From the 30 August 2006 HIST image at a 
\Wavelenyth of 0.6 jum, We measured a relative 
brightness ratio between the two objects of only 
0.21 =0.01 (1-6)%. The small relative brightness 
‘of Dysnomia is inconsistent with the dynanical- 
friction-aided capture mechanism proposed forthe 
majority of KBO satellites (7), but detailed 
lations show that such small satellites can be 
med from the debris after a giant impact (8). A 


collisionally produced satellite of the size of 


Dysnomia that tially evolved outward from an 
initial Yocation near the Roche limit would be 
predicted to have a roughly 15-day circular orbit 
[Supporting Online Material (SOM) test], con- 
sistent withthe derived orbit of Dysnomia, Owing 
to the low mass of Dysnomin, this outward orbital 
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expansion would have slowed the spin period of 
Enis by only a part in ~10°% 

Whereas the other two KBO systems that 
appear to be products of giant impacts, Plto and 
2003 EL61, contain multiple satellites, satellites 
almost an order of magnitude fainter than 
Dysnomia can be ruled out beyond the orbit of 
Dysnomia from deep HST observations (SOM 
text). For a purely tidally evolved system, any 
satelite beyond the orbit of Dysnomia must be 
larger than Dysnomia, and this such a system 
ccan be ruled out. Interior to ~O4 are sec, bo 
ever, the expected factional brightness of a 


06 o4 


02 00 
‘stance (arcseconds) 


02 04 06 


Fig. 1. The projected orbit of Dysnomia around 
Eris. Observations are show as crosses of the size 
of the 1-c uncertainty. The predicted positions 
at the time of observations are shown by open 
circles, The solid circle in the center is 10 times 
the actual angular size of Eris. 


tidally evolved satelite is ~0.0007, which is 
beyond our detection ability (SOM text). Any 
additional purely tially evolved satellites of Eris, 
would be expected to be closer and faint than 
these limits. Although such additional small faint 
satellites cannot be ruled out, the current limits 
and the apparently circular exbit of Dysnomia 
suggest that Eris might indeed be a. single 
satllit 

From the period and semimajor a 
orbit of Dysnomia, we can use Kepler’ 
calculate a mass for the Eris-Dysnomia system 
Of 1.66 » 102 = 0.02 » 10°? kg or 1.27 = 0.02 of 
the mass of Pluto, With any plausible assump- 
tions of albedo and density, Dysnomia’s mass in 
the system is negligible. In addition to being the 
lamest, Eris is also the most massive known 
dwarf planet 

From this mass measurement and the previe 
fous size measurements, we can calculate the 


of the 
laws to 
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density of Eris, The intial indirect IRAM radio- 
matric measurement suggested diameter of 
3000 = 400 km (2), whereas the later HST 
diroct measurement found a smaller diameter of 
2400 = 100 km (3), By using the more direct 
‘measurement with the smaller uncertainty, we 
03 gem >. This density 
is consistent with the moderately high 2.03 = 
0.06, 2.06 = 0.01, and ~ 2.6 g em densities 
known for Pluto, Triton, and the large KBO 2003 
EL61, respectively (9-11), Using the earlier in- 
diroct IRAM dian 
a density of only 0.6 g em, which is 
significantly lower than other objects of compa 
rable size in the outer solar system, wiving con- 
fidence, although not confirmation, in the more 
direct HST diameter measurement with the 
smaller uncertainty 

Recent direct and indirect measurements of 
the densities of smaller KBOs (/2, /3) sugested 
Jower-than-expected densities for objects in the 
‘outer solar system and thus a deficit of rocky 
‘material ora surplus of pore space. The similarly 
high densities of Eris, Pluto, Triton, and 2003 
EL61, in contrast, all require rock fractions of 
~70P% oF higher (/4), as anticipated from ex- 
pected cosmochemical abundances in the proto- 
solar neighborhood. 


fer measurement would give 
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The Release 5.1 Annotation of Drosophila 
melanogaster Heterochromatin 


Christopher D. Smith, ShengQiang Shu,? Christopher J. Mungall,> Gary H. Karpen®** 


The repetitive DNA that constitutes most of the heterochromatic regions of metazoan genomes 
has hindered the comprehensive analysis of gene content and other functions. We have generated 
a detailed computational and manual annotation of 24 megabases of heterochromatic sequence 
in the Release 5 Drosophila melanogaster genome sequence. The heterochromatin contains a 
minimum of 230 to 254 protein-coding genes, which are conserved in other Drosophilids and 
more diverged species, as well as 32 pseudogenes and 13 noncoding RNAs. Improved methods 
revealed that more than 77% of this heterochromatin sequence, including introns and intergenic 
regions, is composed of fragmented and nested transposable elements and other repeated DNAS. 
Drosophila heterochromatin contains “islands” of highly conserved genes embedded in these 
“oceans” of complex repeats, which may require special expression and splicing mechanisms. 


he goal of genome annotation is to 
| ‘identify sequence features that havea bio- 
Jogical ote in the onganism, but a telomere- 

re DNA sequence is not yet available 
complex metazoans, including humans, The 
missing genomic “dark matter” isthe heterectiro- 
matin, which is generally defined as repeat-rich 
regions concentrated in the centric and telomeric 
regions of chromosomes. Centric heterochroma- 
tin makes up at Kast 20% of human and 30% of 
fy genomes, respectively: thus, even for well- 
studied organisms such as Drosophila melano- 
_guster, fundamental questions about gene number 
‘and global genome structure remain unanswered 
Once considered “junk” DNA, it is now 
‘lear that heterochromatin contains essential genes 
and also contributes to genome stability and ehro- 
mosome segregation (3) In addition, hetero 
chromatin. participates. in RNA interference 
mcchanisms that epigenetically repress. gene and 
transposable clement (TE) expression, which may 
“immunize” genomes against the invasion and ex- 
pansion of selfish DNA elements (4, 5). Despite 
differences in heterochromatin sequence compo- 
in the 
ures, chromatin modifications, and presence 
5 suguest that D. melanogaster hetero 
chromatin is an excellent model for studying 
repeat-rich genomic DNA in other species includ 
ing the 40% repetitive human evchromatin (6. 2). 
Annotation overview. The Drosophila Het- 
cerochromatin Genome Project has generated 16 
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megabases (Mb) of finished or nearfinished 
heterochromatin sequence from D. melanogaster, 
as well as 8 Mb of draft whole genome shotgun 
(GS) heterochromatic assemblies (¥, 9), We 
Performed computational and manual curation 10 
produce the Release $.1 annotation of this 24 Mtb 
‘of heterochromatin sequence, which excludes de- 
generate sequence reads not incorporated into the 
final sequence assembly (AmUextra) (10, 1), 
Several repeatfinding programs were imple- 
mented, including RepeatRunner (12) and 
«dem Repwats Finder (TRF) (/), New data from 
the research community were incorporated, in- 
cluding GenBank third-party annotations and 
Heidelbene yene predictions (/4), Lastly, the 
conservation of D. melanogaster beterochro- 
matin genes was assessed by identifying putative 
zene onthologs in more than 16 species [sup- 
Porting online material (SOM) text and data, 

The annotations include protein-coding genes, 
non-protcin-coxing RNAS (ncRNAS), repetitive 
sequences, and other functional elements, The 
majority of nonrepeat annotations (649%) mapped 
to a chromosome ann, inchading regions cont 
uous with the euchromatic arms (chromosome 
am hi; €2. 2Rh) and intemal scaffolds that have 
been cytologically localized to an arm (chromo- 
some aim Het; ¢2., 2RHet) (8, 9). The remaining 
‘annotations are not mapped to a chromoseme arm 
(36%) and reside on Anm U (Unmapped). 
Although the highly repetitive simple sequence 
component of D. melanogaster heterochromatin 
remains unassembled (8, 9), few unique genes 
have been identified in these regions, and thus the 
current annotation i likely to include the majority 
of heterochromatic genes. 

Protein-coding genes and comparative 
analysis. Previous studies indicated that at least 
32 essential genetic loci are present in the het- 
ferochromatin (J), Using clone-hased evidence 
[expressed sequence tag (EST) and cDNA] and 
predicted onhology, we annotated 61 
coding genes and gene fiagments in the 24 Mlb 


of Release $ heterochromatin (Table 1, SOM 
text and data) (11), Currently, 41% of these venes 
have supporting clone-hased evidence, includ 
137 annotations with full-ngth cDNAs gen- 
cated by the Berkeley Drosophila Genome Proj- 
ext (BDGP) (15). The incorporation of new EST 
sequences fiom Exelixis (/6), which were gen- 
crated with random primers, was instrumental for 
finding new intemal splice sites and missed exons 
and was used to refine at feast 43 gene models 
Fig. 1) (1), New evidence resulted in 16 cases of 
Release 3.2b genes that were menged into seven 
linger Release 5.1 genes (c:¢, CG41520 in Fig. 1) 
and two genes from Release 3.2b that were split 
into four smaller genes in Release 5.1, 

‘A subst ofthe annotations represents single 
exon fragments of coding sequences present in 
small scaffolds, and these fragments should not 
yet be considered as complete genes. We clas 
Sified gene annotations as either single-exon 
genes (186) oF multi-exon genes (427) in onder 
to more conservatively estimate higher-quality 
complete gene models without losing infomma- 
tion about potentially incomplete genes (Fig. 2) 
Heterochromatin single-exon genes are currently 
Jess supported by clone-hased evidence: roughly 
SOP of heterochromatic multi-cxon genes and 
61% of cuctromatic single-exon genes had EST 
‘or eDNA support, compared 10 only 20% of 
single-exon genes 

Because many genes lacked EST or cDNA, 
support, the translated bxsie local alignment se 
quence tool (TBLASTN) was used to identity 
putative orthologs for heterochromatin genes in 
16 other insect genomes and more distantly 
related vertebrate spe 3A). We 
defined orthologs as unique, top-seoring 
TBLASTN-identified sequences, although no 
evidence currently exists to support conserved 
function, Overall, more than 99% of the anno 
tations had an ortholog identified in atleast one 
species (Fig. 34), Orthologs were identified for 
86 10 98% of heterochromatin protein-coding 
szenes inthe four species (D. simulans, D. envcta, 
D. sechellia, and D. yakuha) most closely related 
10 D. melanogaster, and SS to 70% of genes are 
‘conserved in the more distantly related Drosophilids 
f genes are conserved in 
distantly related insects (such as the silkworm, 
‘mosquito, honeybee, wasp, and beetle), and 13% 
of all protein-coding genes had significant align- 
‘ments to proteins in even more diverged spe- 
cies (Fig. 3). We conclude that the majority of 
D. melanoreaster heterochromatic wenes are 
ly conserved in insect lineages that span 300 
rillion years of evolution and that a surprising 
‘number share significant similarity with proteins 
fiom vertebrate species that diverged more than 
‘900 million years ago (8). 

The conservation pattems were bimodal, such 
that nearly 20% of protein-coding genes were 
conserved in fewerthan 4 species, whereas more 
than 30% were conserved in all 16 insect species 
(Fig. 3B), This trend suggests the existence of 
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annotations in prior releases (e4g,, CC41820 in 
‘Annotated sequence (Mb) 38 ae ate Ee Fig. 1), Comparative genomic support for small 
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[protein-coding exon translation stop 

Fig. 1. Computational pipeline results used for the Release 5.1 annotation. An 
Apollo (36) screenshot of the evidence (black region) and Release 5.1 annotations 
(light blue region) for scaffold CPO0OZI8, which was produced by mesging 
extending, and finishing the Release 3 WGS scaffolds (AABUO1002750 and 
‘AABU010027230) (9). New CDNA evidence was used to merge the Release 3.2b 
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1 transposable element fragment 


annotations CG40067, (617443, and CG40109 into one Release 5.1 gene 
(CG41520) and to identity an alternative exon for CG41250-RB (asters). ncRNA 
640375 is shown on the opposite strand to ilustate that iis nested within 
641520, CG40388 represents 2 Release 32b gene that is now annotated as a TE 
fragment. Complete amnotation and evidence are shown in (12). 
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ly comelated for more distantly related species. 
Forexample, intron lengths for D. erecta onhologs 
\Were correlated in both euchromatin [correlation 
coetticient (r) = 0.48] and heterochromatin (7 = 


Fig. 2. Evidence of 0. melanogaster 
heterochromatin. protein-coding gene 
‘annotations, Venn diagrams show the 
percentage of protein-coding genes sup- 
ported by gene prediction (pink), EST or 
DNA (yellow), andor BLASTATBLASTN 
‘comparative genomic evidence (bive). (A) 
‘Multiexon genes are likely to be com- 
plete, whereas (B) single-eson genes are 
likely to represent genes that are frag- 
mented across multiple scaffolds. The 
number of genes measured for each class 
are indicated, as well as the number and 
percent of genes with putative orthologs 


0.58), whereas D. virilis gene intron lengths were 
correlated in euchromatin (r = 0.37) but not in 
heterochromatin (r = 0.14) (Fig. 3C). A list of 
conserved introns, their average lengths, and the 


A : B ¢ 


percent conservation of flanking coding exons is 
provided (SOM text and data). 

One of the features of heterochromatic genes 
is that introns and intergenic regions are com- 


in melanogaster group species, nonmela- 
nagaster group Drosophilids, or other in- 
sect species, 


1h = 427 non-single-exon protein-coding genes 
244 orthologs in other insects (57%) 
79 orthologs in nor-melanogaster (19%) 


‘n= 186 single exon protein-coding genes 
'66 orthologs in other insects (35%) 
55 orthologs in non-melanogaster (30%) 


“> Gene Prediction 


Fig. 3. Comparative analysis summary for 0. 
‘melanogaster heterochromatin genes, (A) Number 
‘of heterochromatin protein-coding genes with a 
predicted ortholog in a given species, ordered (left 
to right by increasing evolutionary distance from 0. 
‘melanogaster. (B) Frequency histograms showing 
the percentage of heterochromatin protein-coding 
‘genes with a predicted ortholog in the 16 insect 
species tested. (C) Scatter plots of intron lengths (bp) 
for euchromatin and heterochromatin. protein- 
‘coding gene introns conserved in either D. erecta 
‘or D. virls. Each data point refers to a single con 
sesved intron. Correlation coefficients (7) for intron 
lengths are indicated, 
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‘group Drosophilids. 
‘85 orthologs only in melanogaster group (35%) 


 EST/cDNA > BLASTX homology / Predicted Ortholog 


posed almost entirely of repeated sequences, pre- 
dominantly fragmented TEs (Fig. 1), There was 
no appreciable difference in the average repeat 
density oF composition of intronic (56%) versus 
senic sequences (63%%) (1/). Changes in in- 
tion length are most offen due to TE insertions 
‘and excisions and simple repeat expansions. The 
high repeat content of introns and regulatory re- 
gions suggests that regulation of heterochromatic 
‘gene expression may diller from euchromatic genes 
We identified 16 recursive splice sites (RSSs) 
‘shown to ad in the splicing of long introns (23), 
including 8 RSSs located in long heterochro- 
matin gene introns ranging from 11 166 kilo- 
bases (kb), OF particular interest are three RSSs 
predicted in the 23.6-kb intron of CG40120, 
‘only one of which was previously predicted be- 
cause of gaps in the seq mbly (23). 
Fifty-six percent of the RSS motifs were em- 
bedded within retrotranspasons, sugwesting that 
cis TE sequences may be used to splice out TEs 
that invade heterochromatin genes. 


hromatin (Table 1), defined as single- 
copy genes with EST or CDNA support that 
contained protein-coding ORFs that were 
substantially shorter than the length of the 
transcript, Spliced ESTs and cDNAs were 
identified for 11 of the ncRNA. annotations, 
excluding the possibility of filse positives, 
enerated by the priming of polymerase chain 
reaction products from adenine (A)-rich regions. 
Analysis of the two unspliced neRNAs suggested 
that the clones were not primed from genomic 
Actich regions. $ out of 13 eRNAs contain 
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es B88ESSS888 


=PY 423 
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~100 bp of the 600-bp INE-I TE consensus in 
the 3° end of the wanscript, which is insuflicient 
for autonomous transposition but may represent 
a conserved motif: The ncRNA gene CR4037S 
is nested in the intron of the protein-coding gene 
(CG41520 (Fig. 1), Recent reports (24) suggest 
‘that thousands of transcribed regions are coregu- 
fated with genes and-may represent missing 
coregulated genes or novel 5" untranslated region 
(UTR) exons, We found the convene case; new 
DNA evidence suggests that the 5° UTR exon 
Of the Rekase 3.2b gene CG40084 represents a 
neRNA (CR41594) (12). Further analysis will be 
required 10 determine whether these ncRNA 
annotations represent fumetional genes. 

Pseudogenes. Proicin-coding genes that are 
near-perfect but truncated copies of genes 
found elsewhere in the genome were annotated 
as pseudogenes. The D. melanogaster genome 
has far fewer identified pseudogenes than do 
‘other metazoan genomes (25). For example, the 
three-gigabase human genome is estimated 10 
ontain ~20,000 pscuxtogenes of various types 
76), whereas the 120-Mb D. melanogaster R43 
ccuchromatin has only $1 annotated pseudogenes 
(27), We identified 32 putative pscudogencs in 
the D. melanogaster heterochromatin sequenc 
representing a threefold increase in pscudogenc 
density in heterochromatin versus cuchromatin 
(1.3 versus 0.425 pseudogenes per Mb) (Table 
1 and SOM text). The enrichment of repetitive 
sequences in both fly heterochromatin and human 
ceuchromatin, relative to D. melanogaster euctiro- 
matin, may folate the formation of pseudogenes 
bby increasing the probability of largs- or small 

cale duplications 
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Fig. 4. Density of repeat and gene features across the heterochromatin. The average percentages 
of indicated annotation types are shown for each chromosome region (total length in boxes below 
the x axis), Euchromatin is an average of the noncentric regions of arms 2, 3, and X only. 2Uh, 2Rh, 
3Lh, 3Rh, and Xh describe heterochromatic regions that are contiguous with the chromosome arms, 
whereas the Het regions are mapped to arms and ordered, but not necessarily in the correct 
‘orientation (8, 9). The average percentages of sequences for LTR- and LINE-ike retrotransposons 
(red), DNA transposons (green), other and unknown repeats (blue), and TRF tandem repeats and 


satellite sequences (gray) ar 
‘each histogram, 
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Repeats and transposable elements, Repeats 
‘were defined by significant alignment to known 
RepBase repetitive sequences identified by 
RepeatMasker (28), BLASTX homology to TE 
proteins, or TRF (29) esults (0), The application 
Of these improved methods demonstrated that 
18 Mb (77%) of the annotated heterochromatin 
could be clasified as repetitive or transposable 
‘elements, a 4-Mb (20%) inerease compared with 
the previous annotation (/). About $0 previously 
identified protein-coding genes have been rean- 
notated as repetitive features. For example 

8X was annotated as a protein-coding 
gene in Release 3.2b but annotated as a 1737 re- 
[peat in Release 5.1 (Fig. 1), The euchromatin se- 
‘quence was previously reported to consist of 3.86 
0 6% of repetitive sequence (30, 37). Our 
methods provide better recognition of TE frag- 
ments, small tandem repeats, and short ORFs 
from degenerate TEs, and they identified 7% of 
the Release 5 cuchromatin as repetitive (Fig, 4), 
similar to other estimates (32), The sequenced 
D, melanogaster heterochromatin has an overall 
repeat and TE content more than 10 times that of 
Aly euchromatin and is more similar to the repeat 
density in human euchromatin (40%) (6, 7). 

We measured the repeat content and gene 
distribution across the heterochromatin sequence 
in 100-kb sections and calculated the average 
density for cach region (Fig, 4), Lower overall 
repeat content was observed for regions: more 
dlstal from the centromere, especially forthe het- 
rochromatic regions on chromosome ann 3Rh 
(Fig. 4), In addition, the unmapped scaffolds had 
higher repeat content than the heterochromatin 
regions that have been mapped to the ehromo- 
some arms (Fig. 4). In general, there was strong 
inverse comelation between the repeat and gene 
content of a region (r= -0.89) (Fig, 4). Euchro- 
‘matin had an average gene density of 12.6 genes 
Per 100 kb, whereas heterochromatin contained 
1.84044 genes per 100 kb (2.9 genes per 100 kb 
‘overall, Exceptions include Xh and XHet, with 
9.2 and 64 wones per 100 kb. Chromosome arm 
3Rh had an average gene content even higher 
than that of typical cuchromatin (19 genes per 
100 kb) and a 20% average repeat content, Which 
iffcantly lower than the rest of the hetero 
chromatin (Fig. 4), 

We further categorized the average percent- 
Cf retrotransposons, DNA transposons, and 
‘other repeats (Fig. 4). Roughly two-thirds (16 Mb, 
66%) of the heterochromatin is composed 0 
retrotransposon sequences [33% long. terminal 
repeats (LTRs) and 33% long interspersed nu- 
clear elements (LINES)}, DNA transposons are 
‘overrepresented on the relatively repeat-rich 
ccuchromatin regions of the fourth chromosome 
‘of D. melanogaster (33) but constitute only 15% 
‘of the Release S heterochromatin, which does not 
include the fourth chromosome heterochromatin 
(8.9), TRE-identified tandem repeats and satelite 
repeats make up ~10% of the available hetero 
chromatin sequence, which is significantly higher 
than in the euchromatin sequence (~3%), espe- 
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cially in the proximal centric regions of chromo- 
somes 2 and 3 and the ¥ chromosome (Fig. 4). 
Calculations of tandem-repeat content are likely 
to be an underestimate, because WGS3 sequence 
lunderrepresents the difficult-to-clone satellite 
DNA and tandem-repeat regions. Unlike the Y 
chromosome and autosomal heterochromatin, 
the available X chromosome sequence is not 
enriched for tandemly repeated sequences. 
‘Our repeat analysis indicates that nearly all of 
the ArmU and AnmUExtra (10) sequence is com- 
posed of repetitive sequences, further suze: 
ing that we have identified most of the unique 
sequence available in the D. melanogaster 
heterochromatin, 

‘The majority of repetitive TE-like sequences 
in heterochromatin is not intact. We found 202 
full-length TEs in the heterochromatin (2% of 
heterochromatic TEs), compared with 361 fall- 
Jength TEs reported for the nonpericentromeric 
‘euchtomatin (20.6% of euchromatic TEs). The 
most recent annotation of the Release 4 euchro- 
matin identificd nests of TEs that were frag 
mented, interdigitated, and transposed into one 
another (32), Our manual curation identified 846 
repeat nests in newly sequenced regions of the 
Release S heterochromatin, compared with 112 
nested TEs in the euchromatin, We annotated 117 
instances where there were two nested TEs (ic. 
TE jumped into a TE that itself had jumped into 
TE) and 17 instances where four oF more TEs 
were nested (Fig. 1) 

Conclusions. The assembly of a more com 
plete genome sequence (9) and an integrated 
annotation set for D. melanogaster provides a 


Fig. 5. Overrepresented 
GO terms in heterochro- 
matin versus euchromatin 
‘genes. The percentages of 
GO molecular-function 
‘domains for genes in het- 
‘erochomatin (red) and 
‘euchromatin (blue) are 
shown, Numbers in. pa- 
rentheses indicate the ac- 
tual number of domains in 
heterochromatin. P-value 
significance scores are 
shown to the right. Com 
plete GO analyses are 
presented inthe SOM text. 
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reference set of genes and other features that will 
bbe useful for investigating the biological func- 
tions of heterochromatin in fies and other ones 
nisms. These resultsare now fully integrated, with 
information about the cuchromatin, in FlyBase 
(34) and GenBank (35). 

‘These results demonstrate that repetitive and 
TE sequences constitute at least 77% of the 24 
Mb of heterochromatin sequence. Although there 
fare more falllength TEs and TE nests in the 
centric heterochromatin relative 10 the cuchro- 
matin, it appears that most heterochromatic TES 
are fragmented and not capable of autonomous 
transposition. As with the euchromatin, the repet- 
itive sequences in heterochromatin are dominated 
by LTR- and LINE-Iike retrotransposons, We 
have identified a substantial amount of tandemly 
repeated sequences in the most proximal centric 
heterochromatin of the second, thind, Y. andl un- 
mapped chromosomes, but niot in the currently 
sequenced X chromosome, These carefully an- 
notated repetitive regions provide opportunities 
for more in-depth analysis of their functions and 
evolution, For example, a recent study showed 
that at east 80% of phwi-associated small RNAS, 
Which regulate transposon activity, map to the 
release 5 heterochromatin (4) 

‘We found that more than 97% ofthe protein- 
ccosling genes and gene fragments are conserved 
in other insect species. A subset of the protcin- 
coding genes (35%) appears to be present in 
only the melanogaster group of Drosophilids, 
Suggesting recent evolution, OF the 613 pro 

‘coding genes identified, 137 are considered com 
pete by the criterion of having a full-length 


binding (122) 


ruclole acid binding (53) 


‘nucleotide binding (34) 


inocarboxamide 
‘synthase activity (3) 
kinase regulator activity (8) 


catalytic activity (79) 
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eDNA. Another 115 protein-coding genes are 
coaly panially supported by clone evidence, with 
~340 genes lacking EST or DNA evidence. 
Thus, there are 475 annotated protein-coding 
‘genes that are likely to represent fragments from 
Jager genes, Based on anaverage of ~four to five 
exons observed for complete euchromatin and 
heterochromatin genes, we estimate that these 
475 fragments represent 9 to 119 full-length 
genes, and thus we approximate that there are 
230 to 256 protein-coding genes in the currently 
sequenced heterochromatin. 

The gene density in heterochromatin is 
substantially lower than itis in evehromatin and 
is inversely correlated with repeat content. Based 
‘on our RepeatRunncr analysis, only 9% (2.2 out 
of 24 Mb) of the Release 5 heterochromatin is 
unique sequence, of which 60% (1.3 Mb) is 
annosiated as exons: thus, only $.4% of the se 
quenced heterochromatin is exonic, compared with 
28% of the cuchromatin, The average protein- 
coding and neRNA gene density for the an- 
‘notated heterochromatin is 10 49 11 genes per Mb, 
compared with 127 genes per Mb in the euchro- 
matin, We have identified 32 pscudogenes in the 
boterochromatin, including 8 in the poorly rep- 
resented Y chromosome sequences, representing 
a density of pseudogenes that is at least three 
times that of cuchromtin, The high repeat con- 
tent of heterochromatin may provide recombinsa- 
tion. substrates that inerease the frequency of 
tandem and segmental duplications 

Despite differences in gene density there are 
many similarities between the basic structures 
and putative finetions of euchromatic and het- 
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erochromatic genes. Based on eDNA-supported 
genes, it appears that cuchromatin and hetero- 
chromatin genes have, on average, a similar num- 
ber of exons and transcript variants per gene. In 
‘general, heterochromatic and euchromatic genes 
‘appear to encode a similar spectrum of functions, 
based on gene ontology (GO) analysis (Fig. 5) 
Some classes of genes are overrepresented in the 
heterochromatin, relative to the euchromatin. For 
‘example, heterochromatin genes are entiched 35- 
fold for putative: membrane cation transporters 
domains (4 out of 308 heterochromatin domains 
versus 5 out of 13,500 cuchmomatin domains) 
Heterochromatic gene 
inains involved in DNA (53 domains) oF protein 
binding (122 domains) that may regulate chro- 
rutin structure or function, including histone 
variants and proteins (Fig. 8, SOM text and data) 
(D, This raises the intriguing possibilty that 
heterochromatin may encode eres involved in 
its own establishment or maintenance. 
Heterochromatin genes can reside in regions 
that approach 9% repeat content. Heteroehro- 
matin gene introns are usually composed of frag- 
mented TE sequences (Fig. 1), are on average 
five times longer than euchromatin gene into 
and display Fess length conservation in inter 
species comparisons, We found nine recursive 
splice site motifs nested in the long introns of 
heterochromatin genes, which my regulate 
splicing. in repeatrich regions. The underlying 
mechanisms that allow essential genes to be 
expressed and regulated in otherwise silent 
chromatin remain unknown, Studying hetero 
chromatin in other species promises to shed light 


Tracking Solar Gravity Modes: 


‘on whether there are cis sequences that define or 
regulate boundaries between cuchromatin and 
heterochromatin and if there are genic and non- 
genic regions of heterochromatin in other repeat- 
rich regions, including human euchromatin. 
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The Dynamics of the Solar Core 
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Solar gravity modes have been actively sought because they directly probe the solar core (below 
0.2 solar radius), but they have not been conclusively detected in the Sun because of their small 
surface amplitudes. Using data from the Global Oscillation at Low Frequency instrument, we 
detected a periodic structure in agreement with the period separation predicted by the theory for 
‘gravity dipole modes. When studied in relation to simulations including the best physics of the 
‘Sun determined through the acoustic modes, such a structure favors a faster rotation rate in the 


core than in the rest of the radiative zone. 


elioscismology reveals the solar intxior 
Homes Sais one 

on modes propagating inside the Sun 
(1.2), Pressure-driven modes (p modes) provide 
a very detailed picture of the solar interior (3), 
Measurcments ofthe position of the base of the 
convective zone (4) and the helium abundance 
(5) are some examples of the results achieved by 
the study of such modes. The structural in- 
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versions of the precise p-mode frequencies pro- 
Vide the stratification of crucial variables, such as 
the sound speed down to 005 solar radius () 
6, 7). However, p modes are less sensitive 10 
‘other structural variables such as density. There is 
Jess agreement betwoen this parameter and the 
models in the deepest layers ofthe radiative zone. 
Moreover, the dynamical properties (8) of the 
solar interior (more than 60% ofthe total mass, 
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ned, Fore 
lange uncertainties stil in the sol 
tion profile below 0.2, (Fig, 1) because 
lick of sensitivity and the poor spatial resolution 
ofthe modes toward the deep interior (9). 

‘To progress at greater depths and down into 
the solar core requires the study of another type 
of waves the gravity-driven modes (y moles), 
for which the driving force is buoyancy. These 
‘modes are trapped within the radiative region of 
the Sun and becom evanescent inthe convective 
zone, reaching the solar surface with amplitudes 
that could be very small (/0). Even considering 
their low surface amplitudes, g modes remain 
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the best probes to provide information trom the 
solar core up 10 the top of the radiative region. 

Solar g modes have been actively sought 
since 1976, without success (17). Recently, an 
upper limit of ~1 em s has been obtained by 
ooking for relevant spikes in the Fourier spec- 
trum of the observed signal above given statis 
tical threshold (typically 9% confidence level) 
and in the frequency region above 150 yllz 
(U2-14). A more sophisticated search of mulipkes 
{instead of individual spikes) reduces the detec- 
tion Level to afew millimeters per second, vied 
ing some g-mode candidates with a confidence 
level between 90% (/5) and 98% (16), However, 
‘some ambiguity still surounds their identifica- 
tion (attributed to quadrupole, (= 2, modes). 
Some scenarios have been studied explaining the 
Visible peaks, which could constrain the physics 
and dynamics ofthe solar core, Here, we looked 
instead for the almost constant predicted separa- 
tion (A, Fig. 2) between the periods of gravity 
modes with the same degree ¢ and consecutive 
radial order n, These separations are related to the 
structure and dynamics of the solar core (17), 
Indeed, this method! is extremely sensitive to the 
rotation rate ofthe inner solar layers (8). 

We used almost 10 years of velocity obser 
vations (1 April 1996 w 21 October 2005) from 
the Global Oscillation at Low Freque 
(GOLF) instrument aboard the ESANASA Solar 
and Heliosphetic Observatory (SOHO) mission 
SOHO is placed around the Ly Lagrangian pont 
«region at 1.5 million km from Earth toward the 
Sun where the gravitational fiekd between the Sun 
and the Earth-Moon system equiltrates the een 
trifigal fore. This prvilowed position allows con 
tinuous and uninterrupted observations ofthe Sun, 
‘essential for helioscismotogt, and provides very 
stable environment. The GOLF instrument is a 
Fesonant scattering spectrophotometer (19) de~ 
signal to measure lin-oF sight velocity displace 
ments of the solar photospyhere. The analysis of 
the temporal variation ofthe velocity (20) in Fou 
rier space allows the determination of the solar 
‘oscillation parameters and the derivation of the 
properties ofthe solar interior (27). 

From the velocity measurements, we com- 
puted the power spectral density (PSD) by means 
‘ofa fast Fourier transform algorithm. To look for 
the periodic signature of the x modes inthis 
Wwe computed a second power spectrum of the 
PSD between 25 and 140 plz (22). A broad 
structure in the region centered at ~24- min 
“appears in this power spectrum (Fig. 3). To char- 
acterize this feature, we frst used two indicators 
the maximum amplitude reached (6.50) and th 
average power (2.95 times the average power of 
the rest ofthe spectrum). This feature has a high 

ignal-o-noise ratio and isa wide structure rather 
than a single spike. Using a Monte Carlo 
simulation of N= 6 » 10° realizations (22), we 
«stimated the probability (likelihood) of finding a 
similar structure, in tems of both indicators men- 
tioned above, produced only by pure noise with 
the same statistical distribution as in the GOLF 
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data between 22 and 26 min. We found that the 
likelihood that this structure is not due to noise 
is 99.49% Because of the finite number of 
realizations, there is an uncertainty of 0.13%. 

‘The significant structure of the GOLF power 
spectrum reveals the existence of quasi-periodic 
features somewhere in the PSD, Excluding an 
instrumental origin ora relation with convection 
(22), we studied the consequences of assuming 
that it is produced by the asymptotic propertics of 
the dipole (( = 1) g modes. Ifths isthe ease, the 
position of the periodic structure in the PSD 
should follow the predicted positions ofthe grav 
ity modes. To check this hypothesis, we recon- 
structed the fited waves in the PSD that produced 
the AP; peak structure found between 2? and 26 
tin in the power spectrum (22). 

‘The moss striking result ofthis work is that the 
reconsinicted waves issued from the eal GOLF 
data show a pattem with their maxima at postions 


Fig. 1. Inversion of the 
solar rotation rate (2) using 
modes ( < 25 from long time 
series (2088 days) of GOLF 
(29) and Michelson Doppler 
Imager (MOD GO}, In the 
‘convective zone, the differen 
tial rotation rate at different 
<olatitudes is plotted, In the 
radiative region, the rota- 
tion becomes rigid down to 
=0.3R,. The horizontal and 
vertical 1c error bars progres 
sively increase tonard the core 
because the p modes are less 
and les sensitive and because 
fever and fever modes are 
available for the inversion at 
these depths. Below 0.2R, the 
rotation profile is unknown. 


Q/2n (nHz) 


Fig. 2. Separations in pe- 
riod, AP, between consec- 
utive radial orders (n, n+ 
1) gravity modes for (= 1, 
2, and 3 (red, green, and 
bive, respectively), using 
the theoretical frequencies 
from the seismic model. 
The constant periodicity is 
achieved at 6, 4, and 2 
hours for the modes ( = 1, 
2, and 3, respectively. Qc is ial 
the angular velocity of the 

solar cOre, rag = 433 nH 


25 


20 


15 


SP, (min) 


sar those expected fiom solar models (Fig. 4 and 
fig. S7), which supports the conjecture that they are 
due to gravity modes. Using the previous Monte 
Carlo simulation, we were able to count the 
number of noise realizations that matched the 
characteristics ofthe structure in the GOLF power 
spectrum, and to show a reconsinicted wave that 
bbohaves like the onc expected fim g mods, To do 
0, we comelatad the rconsructed wave ofa fixed 
solurmodel with the reconstructed wave ofthe real 
data as well as with the one 
simulation, To be less depende 


‘on the phy: 


and dyrumics ofthe model chosen, we used three 
diferent g-mode predictions fiom three different 
solar models: the sisi 


model (23), the standard 
standard solar model 
25), We also used diflerent scenarios for the 
dynamics inside the solar core. Thus, various solar 
‘core rotation rates placed at different depths in the 
solar core and with different rotation axis inclinae 


Radiative Convective 


‘effect, on the dipole ( = 1) 


5 10 15 
Period (hours) 


modes, of an increased solar core rotation rate—up to 5 times that ofthe remaining radiative zone ((2¢ = 
502_qq)—below a core radius R, = 0.15R,. For the sake of clarity, we have not drawn the effect for higher- 
degree modes. Inside the zone limited by the two vertical dashed lines (from ~2 to ~14 hours, 


corresponding to 25 to 140 iH), we expect periodicities between 22 and 26 min for the 


= 1 mode, 


between 9 and 15 min for the ( = 2 mode, and between 5 and 11 min for the (= 3 mode. 
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tions were used (22), The cometation of the re- 
‘constructed waves of these sets of modes with that 
of the wal GOLF data—in the region between 2 
and 85 hours—always gave a comelation above 
20% with the highest values around 30%. The 
‘correlation with the Monte Carlo simulations were 
usually below 1%, Only 905 of the N= 6 = 10° 
realizations reached 20% correlation, and only 43 
Of these realizations reached 30% correlation, 
“Thus, the likelihood that this kind of periodic struc- 
ture in the GOLF data is not produced by noise is 
at east 99.85% and can reach 99.9% in the best 
cease (up to 4a level of a normal distribution). 
‘The set of parameters that characterizes the 
physics and dynamics inside the solar core is 100 
large to be totally constrained by this fist anal- 
ysis, However, from all the sets of g-mode pre= 
Uictions used, we obtained better correlations 
‘with those having an inner rotation rate in the 
range thre 10 five times the rest of the nigiative 
rogion, this being independent of the inclination 
axivand the radius of the core used (better results 


Fig. 3. Power spectrum of the 
PSD, normalized to the standard 
deviation, for the real GOLF data 
(top) and a numerical simulation 
(bottom) of «= 2, 2, and 3 gravity 
modes computed using the seismic 
model, for a core rotating at 433 
rnlz and without noise, The shaded 
region corresponds to the zone 
where the Py peak is expected. 
This pattern changes slightly (with, 
maxima at ~7.30 oF 60) when 
shorter frequency ranges in the 
PSD are used (fig. 2), The horizon- 
tal dashed line at 5.810 corre- 
‘sponds to 99.7% confidence level 


at 0.15R,). The correlation is higher with the 
mode! with a higher rotation ate in the core (Fig. 
4) Unfortunately. the solar rotation profiles used 
in the simulations of the core are unrealistic (i... 
8 constant rotation rate without differential 
rotation). On the other hand, the comparison 
With simulations including noise (fig. S10) tends 
to favor the hypothesis ofa finite lifetime for the 
# modes, as recently suggested (26), In both 
ceases, further studies will be necessary. 

‘The analysis presented here shows the robust 
detection of a spectral ature compatible withthe 
presence ofa periodic pattem in the PSD with a 
confidence Ievel above 99.49% (conesponding 
to more than 36 of a nonnal distribution), The ac- 
‘curate study of this quasi-periodic pattem found 
inthe GOLF data is compatible with the presence 
of gravity dipole modes with radial orders from 
nn -4 10-26, with a confidence level above 
99.85%. A detailed comparison with solar mod- 
cts tends to fivora faster core rotation than in the 
rest of the radiative zone, with a confidence level 
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for individual peaks (equivalent to 3c level of a normal distribution). A full interpretation of the other 


highest peaks at low period is given in (22), 


Fig. 4. Reconstructed waves in the PSD 
(arbitrary units) corresponding to the 
peak structure between 22 and 26 min 
in the power spectrum for the GOLF 
data, (Top) Comparing the theoretical 
reconstructed waves (red curve) with the 
‘one issued from GOLF (green curves), 
we first observe that the maxima match 
rather well the expected positions of the 
1g modes at low periods. Moreover, the 
latter is wider and for periods greater 
than 4 hours it is divided into two 
waves, which suggests the presence of 
both m components of the ¢ = 1 modes 
(higher splitting). The corelation between 
both reconstructed waves is 36.2%. (Bot- 
tom) The higher correlation, 43.5%, be- 
tween the second model (a core rotating 
5 times as fast as the radiative zone below 
Re = 0.15R,) and GOLF tends to favor a 
faster rotation rate in the core than in the 
rest of the radiative zone. As a compar- 
‘ison, the correlation with randomized 
data is below 1% (fig. $8). 


PSD (arbitrary units) 


www.sciencemag.org_ 


4 


5 
Period (hours) 


SCIENCE VOL316 


REPORTS [ 


above 99.99", The detection of g-mode asymplot- 
Je properties opens the opportunity. for futher 
studies of the rotation and the magnetic field inside 
the deepest layers of the Sun and can stimulate 
further observational studies with SOHO, ground- 
based networks, and next-generation space mis 
sions such ats Picard (27) and DynaMICCS (28). 
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Tuning the Quantum Stability 
and Superconductivity of 
Ultrathin Metal Alloys 
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Quantum confinement of itinerant electrons in atomically smooth ultrathin lead films produces 

strong oscillations in the thickness-dependent film energy. By adding extra electrons via bismuth 
alloying, we showed that both the structural stability and the superconducting properties of such 
films can be tuned. The phase boundary (upper critical field) between the superconducting vortex 


state 


d the normal state indicates an anomalous suppression of superconducting order just below 


the critical temperature, T.. This suppression varies systematically with the film thickness and 


the 


smuth content and can be parametrized in terms of a characteristic temperature, T.* (less 


than 7d, that is inversely proportional to the scattering mean free path. The results indicate that 


the isotropic nature of the superconductive pairing in bulk lead: 


quantum regime, 


variety of fundamentally important 
A send nar pe 

covered through "quantum engineer- 

be realized via contol of the qua 

boundary conditions. Examples include 

1 Hall effects in semiconductor hetero 

nd i 

magnetic superhtices (2). In these cases, the 

ication of the systems was achieved by 


ot the resuling systems exhibited 
colletive quantum mechanic 
proper conkltions. More roc its been dem- 
onstrated thatthe quantization of kinetic energy of 
itnorant electrons within fow-<imensional metal 
systems can be important even in the formation 
stages of the systems themselves, as manifested 
by the quantum stability of metallic din films 
and nanostructures. (3-9), Creation of such 
{quantum structures via electronic growth offers 
Uinprecetented opportunities to explore various 
physical and chemical properties in the quantum 
regime (10-14) 

For eketronic growth 
archetypesystem, 


has served as an 


ng electronic effects more pronounced than 
effects, and partly because the Fermi 
wavelength, Ap. is nearly commensurate with 
Ue interatomic ly 

dincetion, with 207d 
commensuability between the electronic and 
crystallographic length scales leas to a eentrant 
bilayer-by-bilayer growth mode, characterized 
by stable growth of double atomic layers with 


(6), This. near- 
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wth alloys is altered in the 


periodic interruptions of even-odd switching 
(6-8), Remarkably, the quantum stability of the 
lead films, derived from single or nearly free 
electron pictures, can also influence the collective 
properties of the electrons in the strongly cor- 
related 
properties of the systems (/2-15), In particu 
it was shown that the superconduct 
sition temperature of ultrathin PILI) films 
‘oscillates as a function of the film thickness be 
the quant effect (12, 13), 
the possibility that the supercurrents 
Jy coupled Wwo- 


such as the superconducti 


m si 
suggestin 
are supported by a 
dimensional (2D) qu 
quantum size effects should be abyervable 
if the quantum-level spacing is substantially 
farger than the level broadening h/t duc to cartier 
cring (r being the scattering lifetime of the 


ectrons) (6). This stringent requi 
met via electronic growth of spe 
ultrathin films (14, 15), 

We show that the quantum stability and the 
superconducting properties of ultrathin lead films 
«an be tuned by adjusting the Fermi wavelength 
Of the two-dimensional (2D) electron systems 
Via controlled bismuth doping. For values of x 
from 0 10 20% Bi, the Pby Big phase diagram 
(17) constitutes a solid Solution with face- 
centered-cubic structure and a constant lattice 
of bulk Pb. A 
competing hexagonal © phase above 20% Bi 
tentatively sets the upper concentration limit of 
the alloying experiment. POB alloy films were 
posited onto atomically clean Si(I11) 7 * 7 
surfaces in ultrahigh vacuum, Codeposition at 

120 K, followed by postannealing at 200 10 
300K, proxtuced atomically flat single-crystalline 
ally films as observed by scanning tunneling 
microscopy (STM) and low-energy electron di 
fiaction, No segregation of Bi was evident from 
ray photoelectron spectroscopy 

A sevies of STM images for the PbypBiy 
alloys of different thicknesses shows that, similar 
Pb, the alloy films exhibi 
oy-bilayer growth moxde (4) but 

pattems (Fig, 1). 
The observed stable thickness sequence is 4-6*7- 
911-13+15-17-19°20...ML, where the asterisks 
indicate the locations of the even-odd crossover 
[throughout this paper, the thickness counts 
exclude the one-monolayer (ML)thick wetting 
layer (8). At the higher concentration of 
Phong. the alloys do not exhibit- quantum 
growth but simply follow classical layer-by-layer 
growth throughout the entie thickness. range 
demonstrating that quantum coherence is sup. 
pressed by sufficiently strong disorder scattering 


sment may be 
ly smooth 


Fig. 1. STM images, 
revealing the quantum 
growth mode of PbapBias 
alloy films, with bilayer 
growth (A) for 4- and 
6-MNL thicknesses and (B) 
for 7- and. 9-ML thick: 
nesses. The black pores, 
in these high-resolution 
images are uncoated re- 
gions extending down to 
the wetting layer. Films 
used for superconductive 
studies were atomically 
smooth and completely 
covered the substrate, as 
Verified at lower resolu- 
tion. (C) Bilayer growth 
in a thicker fim (also 
with a 1-ML terrace from 
the substrate), (D) Single- 
layer growth near a 19-20 
codd-even crossover thick: 
ress. All image sizes are 
~400 rim > 400 rm, 
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‘To understand how Bi doping affects the 
quantum stability of PDBI alloy films, we per 
formed first-principles calculations of their 
energetics within density functional theory 
(DFT). Calculations utilized the Vienna Ab 
Initio Simulation Package code with ultrasoft 
‘pseudopotentials, plane wave basis sets (/8, 19), 
and the generalized-gradientapproximation 10 
describe exchange-conelation effects (20). The 
calculated surface energy for freestanding 
PhyolBiyy alloy films versus thickness is shown 
in Fig. 2A. For.x = 11% Bi and (111) growth 
orientation, we adopted a 3 * 3 supercell where 
‘one out of nine Pb atoms in each layer is replaced 
bby a Bi atom, The two curves represent extreme 


Fig. 2. (A) Calculated sur 
face energy of a PoesBins 
free-standing alloy slab. 
The black curve (rele) and 
red curve Squares) represent 
the surface energy for max- 
imum and minimum Bi-8i 
‘separation inthe film growth 
direction, respectively. (B) 
Surface energy ofa Pagina 
alloy on a Si111) substrate; 
(inset its second desiative 
‘versus film thickness. 


A 0040) 


Fig. 3. Characteristic tem- 
peratures 7, and Te" versus 
‘Ud, the inverse film thick- 
ness: (A) for pure Pb, (B) for 
PayBin, and (C) for 
PhyoBigg quantum alloys. 
The Te values were obtained 
by extrapolating the tinear 
part of the upper critical 
field Hea(D to zero dc field, 
as illustrated in Fig. 4. 
(D) The normalized offset 
(TeoTe*)/Teo a8 a function 
of the inverse mfp. Error 
bars indicate an esti- 
mated uncertainty of 3 
standard deviations, due 
mostly to uncertainty in 
determining Te. 
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ceases in the layer-to-ayer Bi distribution: The 
bblick curve represents the surface enerey of 
PhyoBiny slab where the (111) layers are stacked 
{to maximize the average Bi-Bi distance; the red 
‘curve corresponds to (111) stacking to minimize 
it Importantly, these extreme cases have the 
ssame beating periodicity of 13 ML and the even- 
‘odd crossover occurs near the same location of 
12. ML, showing that the precise spatial comela- 
tions of Bi dopants have only a marginal effect on 
the quantum stability ofthe alloys. 

As farther refinement, we considered the 
effect of the substrate, which shifis the phases 
Of the electronic states and changes the precise 
location of the even-oxd crossovers (9). Excel- 
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Jent matching between the substrate and. film 
{attices was accomplished by rotating the 3 
Peo Bin (111) unit cell over 19.18 and mat 
it onto a slightly expanded (by 2.7%) 
V7 x V7 substrate (effectively introdu 
additive but constant strain energy in the 
substrate), The surface enengy and its seconkd de- 
rivative (inset) asa function of film thickness for 
PB slabs on Si(111) are shown in Fig, 2B. 
The location of the first even-odd emnssover has 
shifled to 6 ML, in precise quanttativeagreement 
\with the experiment. We also investigated quan- 
tum oscillations inthe allay energetics for higher 
Bi comtcnts, namely PhoxoBigs (with? x V7 
supercells) and Pbo7sBio2s (with 2 2 


2 4 6 8 1012 14 16 18 20 22 24 
‘Thickness (ML) 


Pb+ 11% Bi 
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Fig. 4. (A) Temperature A 
dependence of the upper 1000 
«tical fed for pure Pb and 
11% Bi alloy fis of similar 
thicknesses, showing a more 
pronounced curvature forthe 
alloy, The dashed lines de- 
fining Tate extrapolations 
from the linear Gineburg- 
Landau regime. (B) Electronic 
mean free path for pure Pb 
and Pb-Bi alloy fms. The 
solid lines are a Matthiessen- 
rule modeling of combined 
boundary and impurity 
seattering, 


a) 
8. 8 8 8 8 


50 


supercells), The artificial rotation of the PhysBiny 
(ILD) layers and the constant strain energy in 
the substrate do not alter the accuracy of the 
thickness-dependent stability (9, 22). The main 
conclusions are that the beating periodicity 
increases with inereasing Bi content (i.e, t0 1S 
ML and 17 ML, respectively), and that the 
magnitudes of the quantum osellations become 
‘weaker, The later finding is consistent with the 
observed absence of bilayer growth in the 
Pho.Big2 alloy films, where classical layer-by~ 
growth is found, 

Having demonstrated experimentally and 
theoretically that electronic quantum confine- 
iment is compelling enabler for synthesizing 
Ultrathin metal alloy films with tunable compo 
sition, we then focused on their superconductive 
properties. In particular, the superconducting 
transition temperature, 7, was determined induc 
/. With @ superconducting quantum inter 
fori device magnetometer (/4), from the onset 
‘of the ac diamagnetic moment (7) =m! = in’ 
induced by a 10-mOe ae field. The results are 
plotted versus the inverse film thickness, 
(Fig. 3, A to ©). As observed for pure Pb films 
(4,15) we have Teli) = Teal 1 ~ de/d), where 
Too is the critical temperature of the come- 
sponding bulk alloy and d. is the extrapolated 
thickness threshok! for the emergence of super= 
‘conductivity, Such a linear variation with the in- 
verse film thickness has usually been intempreted 
asa boundary effet, arising from the inclusion of 
4 surface-energy term in the Ginzburg-Landau 
‘equations for the superconductive free energy 
). Extrapolation wo infinite thickness(I/d — 0) 
yields excellent agreement with the bulk Too 
Values of 7.20, 7.69, and 8.05 K for Pb, PbssBin. 
‘and PbyoBiso alloys, respectively (23). 

Bulk Pbisa type I s-wave superconductor for 
which films with thicknesses below ~250 nm 
become type Il, thereby possessing a mixed (or 
“vortex”) state below an upper critical magnetic 
field, HolT) (24), We determined Ha(T) from 
‘the onset of the ac magnetic moment in the pres- 
ence of a colinear de field applied normal to the 
films. Fora given film thickness and temperature, 
He inereases with increasing Bi concentration 
(Fig. 4A), According to the Ginzburg-Landau 
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TUK) 


formula (25), Hex(T) = 
h o7 = 107 being the flux 
quantum), the observed elevation of Hy inulicates 
a reduced coherence length, Sox. from the value 
for pure Pb, duc to alloy scattering. The carrier 
man free path (mfp), Kd), is obtained from 
Gestors mia rislon Syl” 009 
ONG 'P' 1-7! Tey So 
905 Ais the Bardcen-Cooper- Schrcter (BCS) 
coherence length of bulk Pb. Its value was 
renormalized for the alloy films to account for 
their higher Tow 

For pure Pb fils, varies linearly with the 
thickness, indicative of boundary scattering. In 
contrast, the mfp for each of the alloys appears to 
saturate, due to alloy scattering (Fig. 4B). The 
‘otal mfp id) can be fited by using Matthiessen’s 
rule (d) = by! = fad. where py = 2d is the 
‘mfp dive o bonaratary scattering a0 ley isthe fp 
«due to impurity scattering. This yields ly Values 
.0f200 A and 90 A for the 11% and 207% alloys, 
respectively, in good agreement with mp 
estimates obtained from the p * / product of the 
comesponding bulk alloys (23, 26), 

In earlier studies for pure Pb films (/4, 13 
HAT) was observed to markedly flatien near Te, 
resulting ina characteristic “hockey stick” profile 
that is particularly noticeable forthe thinner films 
(Fig. 4A), The origin of the hockey stick shape 
«can now be explored as it becomes systematically 
‘more pronounced with inereasing doping concen- 
tration. The strong curvature near 7, marks a pro- 
found departure from anisotropic Ginévurg-Landaut 
theory, Which predicts that Hes° (1-T/ Te) (25). 
The upper critical fick! resumes Ginzburg-Landau 
like behavior below a characteristic temperature, 
Te. as defined by extrapolating the linear part of 
the low-temperature Ha curve to 2210 field (Fig. 
4A) The resulting 7.* values of the alloy films 
are included in Fig. 3. 

Both J, and 7.* are found to vary systemat- 
ically with the inverse nanoscale dimension 1d. 
Also, for a given thickness d, the separation be- 
tween Te and T.* increases with Bi content, 
caused langely by the expected 7. increase with 
Bi concentration (23). in contrast, T:* is only 
‘marginally affected. Interestingly, 7:* does not 
extrapolate to the Teo value of the corresponding 


70 2 30 40 60 60 70 
a(A) 
bulk alloy. The later finding indicates that the 


thickness of the quantum alloys is only an 
indirect parameter in controlling 7°. A quantity 
better describing of this behavior is the scattering 
infp. as demonstrated by plotting the normalized 
offbet (Teo — Te Te a function of the inverse 
smyp in Fig. 3D. All the data for clean Pb andl for 
the 11% and 20% PbBi alloys collapse onto a 
straight line passing through the origin, whereas 
no such collapse is possible when plotting this 
quantity as a funetion of Vid (27), This strongly 
indicates that mfp isa key parameter determining 
i; 


imilar erossover phenomena in the temper 
ature dependence of the upper critical Fekd of 
‘metallic thin films and superlattices have been 
attributed to compositional Auctuations, in con- 
junction with the appropriate boundary condition 
for the superconducting wave function oF onder 
parameter (28). This inlempretation conflicts with 
‘our experimental observation of a 7 in pure Pb 
films itis also questionable theoretically forthe 
present case of ultrathin films on a nonmetallic 
substrate (28), Superconductivity between Te and 
Te is weak and suppressed by scattering, in 
apparent violation of Anderson's theorem. for 
uniform order parameters, which states that T, 
and the condensation energy shoukd not be 
affected by potential scattering (25). Our obser 
‘ations igcate that the nature of the microscopic 
pairing in these conventional superconductors is 
altered in the confined geometry. The tunability 
ofthe electtonic, structural, and superconducting 
thus olers 
ofthese 


features in the quantum regime, 
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Metal Chlorides in lonic Liquid 
Solvents Convert Sugars to 
5-Hydroxymethylfurfural 


Haibo Zhao, Johnathan E. Holladay, Heather Brown, Z. Conrad Zhang* 


Replacing petroleum feedstocks by biomass requires efficient methods to convert carbohydrates 


to.a variety of chemical compounds. We report the catalytic conversion of sugars 
to S-hydroxymethylfurfural (HMF), a versatile intermediate. Metal halides in -alkyl- 


fing high yield 


‘methylimidazolium chloride are catalysts, among which chromium (WW) chloride is found to be 
uniquely effective, leading to the conversion of glucose to HMF with a yield near 70%. A wide 
range of metal halides is found to catalyze the conversion of fructose to HAF. Only a negligible 
amount of levulinic acid is formed in these reactions. 


sustainable future for the chemical in- 
A“ requires feedstocks based on re 

newable rather than steadily depleting 
sources. Inability to effectively transtiem five 
and. six-carbon carbohydrate building blocks 
derived fiom nature is & major barrier toward 
this challenging goal. Glucose and fructose, 10 
abundant six-carbon sugar molecules, are po 
tential feedstocks for this purpose, and recent 
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Fig. 1. (A) Fructose conversion to HMF 
at 60°C for 3 hours, Catalytic amounts 
‘of 50, or various metal halides 
promote the chemistry. Very little 
levulinic acid is formed. (B) Glucose 
‘conversion to HMF at 100°C for 3 
hours. CrCl resutted in 2 70% yield of 
HME, whereas other catalysts such as 
H,S0« Lewis acids, of other metal 
halides gave yields less than 10%. 


efforts have focused on converting them Wo S- 
hydroxymethylfurfural (IMF) (J), a versatile 
intermediate between biomass-based carbohy- 
rate chemistry an petrokeum-based industrial 
‘omganic chemistry (2). HIME and its derivatives 
‘could potentially replace voluminously con- 
sumed petroleum-based buikling blocks (3 
Which are curently used to make plastics and 
chemicals. Recently, Dumesic and co-workers 

troduced the idea of using HME as a key in- 
termediate to produce liquid alkanes. from 
renewable biomass resources (4). High produc 
ton cost curently limits the availability and use 
of HMF industrially 


A process to produce pure HMF from 
abundant renewable carbohydrates in high yiekd 
at Tow enengy cost must be developed before a 
biorefinery platform can be built on the basis of | 
this substrate, Current processes to produce HME 
involve the use of acid catalysts and are mainly 
limited to fructose as feed (5-7) A drawback 
‘with acid catalysts is that they cause various side 
reactions, significantly inereasing the cost of 
product purification, Forexample, in water under 
acidic conditions, HME decomposes to levulinic 
acid and formic acid, Levuliniec acid is particu 
larly difficult to separate from HIME. Substi- 
tuting glucose as a feed substantially redu 
HIMF yields and produces additional by- 
products (8, 9), 

‘A study by Antal and co-workers suggested 
that HIME is formed from dehy dration of fructose 
in its furanose form (/0) and occurs through a 
series of eyclic furan intermediates (11), Others 
have suggested HME is formed though an 
acyclic mechanism proceeding through an ene= 
diol pathway (17-14. The enediol is proposed as 
‘an intermediate in the isomerization of glucose to 
fructose, Glucose has competing te 
ways that lead to formation of 
‘one pathway, dehydration forms nonfiuran eyelic 
thers: in another, C-C bond: scission occurs 
through reverse aldol condensation (/4). To 
obiain high HMF yiekls from glucose thus 
requires effective methods for selective in situ 
isomerization to fructose, 


Emer ro yeacton 100°C eo" 
tormaton amine) EMMC!/cat ‘OH enycifeat HO" a gucoe tcone 
sho omer 
(Gepicted mee gcopyranose) 
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HIME yield has been shown to inerease signif 
ly in systems that parition HMF fiom 10. 
Dumesic and co-workers, building on the work 
‘of several earlier researchers, demonstrated hi 
yields fiom fructose by using strong polar organ- 
ic solvents, such as dimethy lulfoxide (DMSO), 
in aqueous-onganic reaction media (7). Other sol- 
‘ent systems have also shown promising results, 
HIME can be formed in high yields from fructose 
in 1-11-3-methylimidazolium chloride solvent, 
Which also aets as an acidic catalyst (15, 16). In 
sugarsolubilizing -alkyl3-methylimidazofium 
chloride solvents, water is not needed as part of 
the solvent system, and the actual amount of 10 
present ix reduced to the water formed during 
chydration, By minimizing HIME exposure to 
acidie aqueous solutions at elevated temp 
HIME yield loss to levulinie acid is kept very low 

In our own work, We have built upon this 
concept by using sugar-solubilizing high 
purity L-alkyl-3-methy limidazolium chloride, 
[AMIMICI, as a solvent class. Our method is 
distinguished from previous reports in that we 
observe high yields of HME 
\ithout added acid. Even more importantly, one 
fof these solventcatalyst systems is able to 
produce HMF in high yields from glucose, the 
first step in our ultimate goal of developing 
system to fe HIME from complex bio: 
mass such as cellulose 

We tested the reactivity of fructose in three 
[AMIMICI solvents, where A represents octyl, 
butyl, or ethyl (7). Because [EMIMJCI (Eis 
cethy1) was equivalent or beter than the other two 
solvents, we report results in this system (Fig. 1) 
Figure 2 shows the results of simply heating frue 
tose and glacene in high-purity (99.8%) [EMIM|CT 
(18), At sulficiently high-temperaures, fructose 
\was converted to HME, but the yield dropped 
substantially between 120° and 80°C. In contrast, 
itlucose did not produce any substantial amount 
Of HIME even at 180°C. When water was added 
to the solvent ([EMIMJCIILO = $21), ghucose 
was effcetively inert. 

We were able to he dehyde 
fructose at 80°C by addition of a cataly 
of a number of metal halides. (F 
example, HME yields ranging from 63 to $39 
were achieved in 3 hours when using 6 mole 
erent (mol %) loading (hased on sugar) of 
CrCl, CrCh, FeCh, FeCl, CuCl, CuCh, VCb. 
MoCh, PUCh, Ch, PtCly, RuCl. of RhChs 
SI). The product mixtures were very clean: 
Yields of levulinic acid and a-angelicalactone 
\were less than 0.08%, Not all metal halides were 
effective: for example, the alkali chlorides, LaCly 
and MnCl, dig not work, 

We also looked at mineral and Lewis acid 
catalysts, Mineral acids were effective as. ex- 
pected. An 80% HME yield was achieved when 
18 mol % H3SO, (relative to fructose) was used 
A lower acid loading (1.8 mol %) gave 7: 
yield, In contrast, the widely studied AICIs 
Lewis acid was not eflective at molar ratios be- 
tween 025 and 2 (19), 
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molar conversion and selectivity 
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co Moo | 
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Fig. 2. Fructose and glucose conversion in [EMIMICL Fifty mg of sugar was added to 500 mg of 
[EMIMICI and heated for 3 hours at the temperature indicated (no catalyst was added). 
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Fig. 3. Glucose conversion in [EMIMJCL treated with numerous catalysts, most of which are effective 
for fructose dehydration. Only CrCly leads to high HMF yield from glucose. 


‘We repeated these studies with use of glucase 
as foed but raised the temperature to 100°C be: 
1use of its lower reactivity (Fig. 1B). Twelve of 
the metal halides tested showed 40% conversion 
of glucose, but only one catalyst, CrCl, gave HMF 
in high yield (Fig. 3). HMF yield in [EMIMC1 
cid oF AICI; was only 10%. 
The results were reproduced at east 20 times, 
and HMF yields for systems that did not contai 
CrCl, were consistently 10% or less, whereas 
(CrCly afforded HMF yields of 68 10 70%, 
previously elusive efficiency from glucose. The 


products from the other catalysts included sugars 
saich as mannose, dehydration products such as 
L6-anhydroglucose, and poorly characterized 
polymeric products [detennined by "C nuclear 
magnetic resonance (NMR) spectroscopy] 

For many ofthe catalysts, glicase conversion 
‘was high even though HMF yields were low 
(Fig. 2). We did a number of control experiments 
to demonstrate that the low HMF yield in these 
instances was not the result of HMF insta 
‘under the reaction conditions. After heat 
HME at 100°C f 


3 hours in the presence of 


wwwsciencemag.org 


REPORTS. [ 


M= various metals 


Fig. 4. Proposed metal halide interaction with glucose in [EMIMJCL CuCl, and CrCl, catalyze the mutarotation leading to interconversion of u~ and 
fglucopyranose anomers. CrClz leads to the isomerization of glucopyranose to fructofuranose, followed by dehydration to HMF.. 


(CrCl, 98% was recovered. When CrCls Was not 
added to [EMIM|CI, HME recovery was only 
28%, Similar studies were done with other metal 
halides (HIME recoveries noted in parentheses) 
CuCly (85%), VCly (86%), and HySO4 (98%. 
Interestingly, catalytic amounts of certain metal 
chlorides: appear to play a role in stabilizing 
TIME, Catalysts usually enhance reactions: the 
concept of a catalytic amount of & substance, in 
Jess than stoichiometric quantities, blocking or 
‘quenching a reaction is most unusual 
Ina second study, We examined HME sta 
bility in the presence of sugar and catalyst. In 
these tests, xylose, a five-carbon sugar that 
‘cannot form HIME, was used. Fitly mg of a 
mixture of HME and xylose were added t0 $00 
img of the appropriate [EMIM|C<atalyst system 
sand heated to 100°C for 3 hours, HIME rexovery 
as high (recoveries given in : 
(83%), CuCl (90%), and VCl, (83%), HIME 
‘once again was more stable in the presence of 
metal halide; HMP recovery in. [EMIM|Cl- 
xylose without catalyst was 668%, The data show 
that the low HME yield cannot be accounted for 
by product instability under reaction conditions. 
Instead metal halides, such as CuCls and VCl 
catalyze undesired reaction pathways. 
‘The singularelfectiveness of catalytic amounts 
‘of CrCl in [EMIM|CI for the conversion of gue 
cose to HME was unanticipated. In an effort to 
understand the results, we tumed to spectroscopy: 
‘Our NMR study showed that the glucose starting 
material, when dissolved in the [EMIM|CI sok 
‘ent, is predominantly an a-anomer. Solvation of 
suns occurs through hydrogen bonding of 
chloride ions of the solvent with the carbohydrate 
hydroxy groups (20). However, this interaction is 
insufficient to cause mutarotation (that is, to 
Branomer conversion; Fig. 4). Little intercon- 
version of the a= and ranomers occurred in 
[EMIMICL even after several hours at 80°C. 
However, in the presence of a catalytic amount 
of CuCh of CrCl, mutarotation kading to an 
‘equilibrium mixture of anomers was rapid (igs. 
2 and $3), In the 'H NMR spectrum, the six 
ON resonances were sharp. In the presence of 
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catalytic amounts of CuClp the -OH resonances 
shifted upficld and were very broad, indicating 
exchange through interactions with the metal 
OD. 

[AMIM)CI structures are known to be weakly 
‘coordinating (22) and do not compete with sugar 
for the binding of the metal chlorides. Our 
hypothesis is that sugarmetal coordination is 
responsible for the catalysis. To characterize the 
Prevailing coordination bonding motif, we 
examined the effect of adding stoichiometric 
glycerol oF ghycerakichyde to glucose solutions, 
Glucose can be thought of asa glycerol molecule 
attached to a glycerakichyde molecule. By using 
NMR spectroscopy, we confirmed that glyceral- 
dehyde exists as ahemiacetal dimer in [EMIMICI, 
Which makes it a very good mimic for gluco- 
ppyrinose. In the competition reactions, glycerol 
had no impact on the catalysis, and 70% yield of | 
UMF was achieved from glicose. Glycer- 
aldehyde, however, did affect the chemistry: Re- 
action inhibition was observed. HME yiekd was 
reduced to less than 20%, and glucose conversion 
was reduced to ~64%m In addition, we evaluated 
2.2:-bipyridine as a strongly coordinating ligand 
(3:1 molar ratio © Co. In the presence of the 
strongly coordinating ligand, the reaction essen- 
tially shut down: HME yield was less than 
and glucose recovery was 4M. The results of the 
glycerol and glycerakichyde competition studies 
show that the metal interacts with the hemi- 
acetal portion of ghicopyranose but that there is 
Title interaction with the polyalcohol portion of 
the sugar 

Although we lack a clear picture of why 
CrClz is a singularly effective catalyst in 
[EMIM)CI solvent, we are able to offer some 
insights into the mechanism. We studied the 
kinetic behavior of CrCl, CuCl, and FeCl, 
which show dramatic differences in their re- 
action pathways (fig. S4). The rate of glucose 
conversion was highest with CrCl: CuCh was 
reactive, but mainly gave condenstion products; 
and FeCh showed no reaction. With CuCh, mule 
tiple products were formed, including mannose, 
HME, and 1.6-anhydroglucese. This diverse 
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proxluct mix suggests that CuCl, coordination 
‘with the sugar is different from that of CrCl. 

To explain the results with CiCly, We show a 
mechanism consistent with the data (Fig. 4) 
Because only 0.5% by weight of CiCh was 
added to the solvents, the plausible formation of | 
TEMIM['CiCly would consume only an equi- 
molar amount of [EMIMICL with respect to 
GCh, according to Fig 1; 

EMIM|CI + CC — [EMIMICrCl, (1) 

We propose that the CrChanion plays a role 
in proton transfer, facilitating mutarotation of 
sslucose in [EMIM|, A critical role of Crh is to 
eflect a formal hyidride transfer, leading 10 
isomerization of glucose 10 fructose. As dis- 
cussed above, all other tested metal chlorides 
failed to conven glucose to fivctose in the 
[EMIM|CI solvent. A. chromium enolate may 
be the key intermediate (23). Once fructose is 
formed, dchy dation of fructofuranose is rapid in 
the presence of the catalyst in the solvei 
Lowering the diclectic constant of the media 
by addition of organic solvents (I ro 10 
[EMIM|C) results in loss of catalytic activity, 
Other metal halides also bind to glucose, 
However, they promote altemative reaction paths 
that do not lead to the desire products 
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Extracellular Proteins Limit the 
Dispersal of Biogenic Nanoparticles 


John W. Moreau,**t Peter K. Weber,” Michael C. Martin,? Benjamin Gilbert,* 


lan D, Hutcheon,” Jillian F, Banfield™** 


High-spatial-resolution secondary ion microprobe spectrometry, synchrotron radiation-based 
Fourier-transform infrared spectroscopy, and polyacrylamide gel analysis demonstrated the 
intimate association of proteins with spheroidal aggregates of biogenic zinc sulfide nanocrystals, 
‘an example of extracellular biomineralization. Experiments involving synthetic zinc sulfide 
nanoparticles and representative amino acids indicated a driving role for cysteine in rapid 
nanoparticle aggregation. These findings suggest that microbially derived extracellular proteins 
‘can limit the dispersal of nanoparticulate metal-bearing phases, such as the mineral products of 
bioremediation, that may otherwise be transported away from their source by subsurface fluid flow. 


Uulfite-reducing bacteria can lower the 
G sestesis fan wa 

sequestering metals into nanoparticles 
C3), However, these particles ane potentially 
highly mobile because of their small size (4) and 
redissolve quickly if conditions change (3) 
ide nanoparticles may be <2 nm in diameter 
[comparable in size to agucous molecular clus- 
ters (6)}; most havea diameter of 2 to 6 nim (2, 7), 
Aggregation can restrict nanoparticle transport by 
inducing setling (8, 9), and it can drive erystal 
growth, leading to decreased solubility (70, 11). 
Some onzanics can promote aggrezation. Amine- 
bearing molccules, for example, have been 
shown to organize sulfide nanoparticles into 
semiconductor nanowires (2).We investigated 
the hypothesis that natural organic matter con- 
tributes to the formation of densely aggregated 
nanoparticulate ZnS spheroids and is preserved 
in nanometer-scale pores (7), We used micto- 
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analytical and direct isolation approaches 10 
analyze nanoparticle aggregates formed in nate 
ral sulfate-reducing bacterial biofilms (7. 3). We 
alo experimentally evaluated the potential for 
Various amino acids to induce rapid agereyation 
‘of meta-sulfide nanoparticles. 

We examined sulfat 
dominated biofilms collected from the Piguette 
Phy and Zn Mine, a flooded system (pl ~7, ~8°C) 
in southwestern Wisconsin (/3). Ultramicro- 
‘tomed biofilm sections that contained spheroidal 
aggregates of biogenic ZnS nanoparticle (figs. 
S110 S4) were imaged with transmission elec- 
‘tron microscopy (TEM) before in situ elemental 
microanalysis with secondary ion mass. spoc- 
ometry ata spatial resolution of ~S0- nm 
(NanoSIMS) (/4). N in the samples was 
detected by NanoSIMS as CN", NO”, and NS 
secondary ions and was quantified by compar 
on to reference samples (14, 15), 

‘A comparison of TEM images with NanoSIM: 
S distribution maps demonstrates that Z 
spheroids are the only structures within the bio- 
film that contain significant S concentrations 
(Fig. 1, A to C). The composite NanoSIMS data 
show the intimate association of N with biofilm 
ZnS (Fig. 1, A to Cy: N is present throughout 
these aggregates at significantly higher levels 
than in abiotic ZnS reference materials (Fig. 1, 
D and E). Pores in the ZnS spheroids appear as 
Jow-diffnction-contrast features in TEM images 
because of a lower concentration of sphalerite 


‘ducing bacteria 


nanoparticles (fig, $2), Porous rey 
ciated with the highest N concentrations (Fig. 1, 
B and ©. N concentration measurements for 
individual spheroids varied by 14% (relative SD, 
n= 134 spheroids), as compared with an average 
measurement precision of 4%, for individual ZnS 
wgregates with an average diameter of 700 nm. 
‘estimated an average N concentration for all 
analyzed biofilm ZnS spheroids of 1.6 weight" 


(wt 6), with a 95% confidence interval of 0.8 to 
3 wt te (/), By comparison, the average N 
concentration of synthetic ZnS ageregates was 


100 times lower than it way for biofilm ZnS 
spheroids 

‘The snall nitrate con water 
(3 jwig) was removed fiom the biofilm during 
sample processing and was therefore not ex 
pected to be the source of N in ZnS, To test this 
prediction, we analyzed the spheroids for NO", 
relative to CN" (14), The CNINO™ ratio for a 
reference sample of KNOs dissolved in graphite 
(14) ranged from <1 1 200, with a median ratio 
of ~6. The average CN/NO™ ratio of bacterial 
spores, an onganic N reference, was 2980 = $20 
(SD), The average CN-/NO™ ratio of the biofilm 
ZnS was 3300 = 870 (SD). Measurement 
precision for CN”NO™ in the biofilm ZnS was 
similar to sample variability because of low NO 
secondary-ion intensities, Based on these 
sex, ve concluded that N in the biofilm ZnS 
present neither as nitrate nor nitrite and 
therefore organic in nature (/+). This conclusion 
\was further supported by the presence of amide 
absorption features in the infiared spectra dis- 
cussed below. From the average N content of 
ZnS estimated above and an average amin 
concentration of “11 wt, the ZnS sphero 
contained ~14 wt % amino acids, 

‘Areas with celhlike morphologies enriched in 
N (Fig. 1) and P (fig. SS) are interpreted as being 
either whole or degraded microbial cells, These 
features are mompholoically distinct from ZnS 
spheroids, arguing against spheroid formation by 
‘anopaticle enerustation and infilling of cells, We 
inferred thatthe spheroids formed by the agurega- 
tion of biogenic ZnS nanopaticles (73) with 
extracellular polypeptides or proteins. This process 
may have involved the adsomption of amino acids 
oF peplides onto nanoparticle surfuces (76) or the 


wwwsciencemag.org 


coageregation of protein molecules and nano- 
particles. pe surfaces 
of some cst provein-rich rezions 
(Fig. 1, B and C). 

‘Synchrotron mdiation-basod Fourier-transfeern 
infrared spectroscopy (SR-FTIR), with rug 
10 jim spatial resolution, was used to characterize 
organics associated with biofilm ZnS 
(/), SR-FTIR analysis revealed that absorptions 
at ~1580 and 1640 emt 
With ZnS spheroid-rich regions of the biofilm 
(Fig, 2), These absorption features. are well 


were associated only 


Fig. 2. NanoSIMS secondary-ion images showing 
CN, and $ distributions in an ultramicrotomed 
TEA ‘section of biofim. (A) Composite element 
distribution map (~10 jum by 10 um) of 2C (blue), 
2C14N for N (green), and **5 (red). Colors reflect 
the proportion of each species. Uniformly red 
regions represent relatively pure S (as ZnS), 
whereas orange and yellow regions indicate the 
presence of increased levels of N. Light blue 


described for the amide Il and amide 1 vibration 
modes, respectively, and they a 
polypeptide. andior protein-derived amino acids 
(U7), Analyses of the spheroid-rich regions of 
biofilm varied by a few percent in the relat 

magnitudes of amide I and Il absorptions. The 
SR-FTIR data confimn that the N detected by 
NanoSIMS analysis of spheroids was 
and support n in polypeptides or proteins. 


Protcins were directly extracted from density~ 
scparated fractions dominated by cither 0 


biofilm components or ZnS spheroids (1 


regions indkate the presence of both C and N, with little to no S (no ZnS). (B) TEN image of several 
conjoined ZnS spheroidal aggregates. (C) NanoSIMS composite element distribution map of (B). (D) 
NanoSIMS composite element distribution map of ultramicrotomed Balmat ZnS. (E) NanoSIMS composite 
element distribution map of synthetic nanoparticulate ZnS. (F) Color box plots of the relative ion 
abundances displayed in (A) and (© to (E). Primary colors and maximum ion counts are noted for each 
species along each axis; all axes are linear, with respect to ion counts. In the left box (binary), only binary 


jon compositions (one or two species) are shown; in the right box (ternary), only primary (the species 


corresponding to each axis) and ternary ion compositions (three species) are shown. Black and white 
comers correspond to points of minimum and maximum ion counts, respectively, forall three species. All 
scale bars are 1 jum. Figures $8 to $10 (14) present grayscale versions of (A), (C), and (D), respectively. 
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(14), Proteins from the biofilm fraction produced 
faint bands when reacted with protein-speci 
stains in 4 10 10% polyacrylamide 
Jecular masses of ~37 and ~48 kD (Fig. 3) (14). 
In contrast, the ZnS-cnriched fraction yielded a 
g band at ~37 KD, suggesting that the N de- 
IR was asso- 
Giated with protein(s) of this molecular mass, It 
was not possible to further characterize the 


protein(s) because of their low concentration 
and biofilm-sample accessibility (/3). However, 


the observed mass lies within the mass 
bacterial proteins known to bind cert 
8-20), 


J genes for these proteins 
reported in some sulfate-reducing bacteria (2/ 
We speculate, therefore, that the ZnS-associt 
protein(s) found in this study may serve a metal: 
binding function, 

In some aggregates, NanoSIMS data indi 
‘cated overlapping Nand S distributions, imply 
ing the presence of fine-scale mixtures of ZnS, 
nanoparticles and protein-rich organic matter, 
Known bacterial metal-bindis ns bind Zn 
and other potenti Cd and 
Cu), primarily at cysteine residues in proximity 
to OP groups (24), Experiment 
shows that cysteine also binds strongly to ZnS. 
nanoparticles and fimits thei Sinm 
(25) and that thiol groups bind strongly with S- 
deficient surface Fe(II) atoms in pyrite (16). The 
conditional stability constant for monoligand 
eysteine-Zn?* complexation in low. ionie- 
sirength solutions [<0.1 moles of change (Me 
am 20° 10 25°C 1 four orders of 
magnitude langer than those of all the other 

oe Which 


ly toxic metals (cg 


amino acids tested except for lysin 


100.0 


90.0 


50.0 
1175 1275 1375 1475 1575 1675 


em 


Fig. 2. SRTIR transmission spectra of biogenic 
2nS agaregates (black) and background biofilm 
(gray). Amide | (~1640 cm") and Il (-1580 cm) 
absorption features are diagnostic of amino acid— 
associated bond vibrations in polypeptides andor 
proteins. 
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the constant és about wo onders of magnitude 
larger (table S1) (14), These observations 
suggest that eysteine or eysteine-tich polypep- 
tides or proteins could have played a role in 
detemnining the ZnS particle size and agerega- 
tion state 
We tested the efficacy of individual amino 
acids (100 uM) to promote the aggregation of 
synthetic ZnS. particles 3 nm in diameter or 
smaller (10 4M) (/4), The chosen amino acids 
{alanine, aspartate, cysteine, lysine, phenyl- 
proline, and serine) possess chemically 
dlistinet side-chain functional groups. Agerega- 
tion was monitored periodically with dynamic 
light scatering (DLS) (74, and results showed 
that the inonganic aggregation of ZnS initially 
‘occurred rapidly 10 form ~100-nm-diameter 
aggregates, but then slowed greatly oF ceased 
afer | week (Fig. 4 and fig. $7). In contrast, 
ZS nanoparticles in the presence of eysteine 
exhibited more extensive and prolonged aggre- 
gation, ultimately forming 1-t0-10-ym sized 
structures. Other amino acids had lithe (ee 
setine) 10 no (@.g., proline) detectable effect on 
hanoparticke aggregation, relative to controls 


(lig, $7), C in the absence of ZnS formed 
no measurable aggregates (Fig. 4), and humic 
Fig. 3. Composite SDS~ 66 pe 
polyacrylamide gel elec ~ 
trophoresis image of 7, 

biofilm and 2ns protein 45 


‘extractions. SyproOrange 
and colloidal silver mo- 34 
lecular weight standards 


compounds added to ZnS nanoparticle suspen- 
sions did not accelerate aggregation. 

‘The DLS results correlate with carlier studies 
of the adsorption of amino acids, other organic 


ligands, and inogzanic ions onto the surfaces of 


metal chaleogenides (/6, 26, 27). For example, 
the sulfhydryl group present in cysteine and 
mereapto-compounds exhibits strong. specific 
binding to the surfices of sulfide minerals and 
nanoparticles. Similarly, serine with a terminal 
hydroxy! group causes somewhat more agere- 
ation than is observed in control samples, as 
was expected from both the weaker chemical 
interaction of this group with sulfide surfaces 
and the higher pK, (where Ky is the acid 
dissociation constant), relative to cysteine (9.15 
versus 833). Thus, strong specific chemical 
binding is a necessary prelude to amino acid- oF 
protein-driven ZnS nanoparticle aggregation. 
Mineral/peotein mixtures with intemal ongat- 
nization are typically considered biominerals, 
and biominerals normally form within orga- 
nisms, The structures reported here represent ant 
‘exception to this pattem. Proteins, peptides, and 
amino acids could be released ater cell death 
and scavenged by hydrophobic ZnS surfaces 
Altematively, bacteria may export Zn-binding 


aay 


are shown (far left and right lanes, respectively. (A) Extraction from the biofilm organic fraction stained 
with SyproOrange. (B) Extraction of the ZnS spheroid fraction stained with SyproOrange. (C and D) 
Replicate extractions ofthe biofilm organic fraction stained with silver. (E and F) Replicate extractions of 
ZnS spheroids fraction stained with siver. Numbers are molecular masses in kilodaltons. 


Fig. 4. Size distribution curves from DLS data acquired in ZnS nanoparticle aggregation experiments. 
(A) Control experiments. 10 jiM ZnS nanoparticles alone (solid lines) aggregate within 1 day to form 
~100-nm-radius clusters that exhibit litle further growth over a 5-day period. 100 uM cysteine alone 
(dashed lines) gives a very weak DLS signal, with no consistent trend in size distribution. (B) In the 


Presence of both 10 jiM ZnS and 100 Mt cysteine, sustained aggregation occurs over 
resulting in aggregates that are more than one order of magnitude larger than the 


7-day period, 
clusters. DLS 


correlation functions from which size distributions were derived are shown in fig. $7. 
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proicins for a physiological reason, Most known 
bacterial metak-binding proteins are produced 
for intracellular binding and the subsequent 
export of toxic metals (24). In the ease reported 
her, biofilm proteins may bind excess aqueous 
Zs°* o interact with bound Zn(II) and other 
proteins after ZnS precipitation, In either 
scenario, the aggregation of metal-sulfide nano- 
panicles was promoted, preventing incidental 
‘uptake by cells (28, 29) oF the entombment of 
cells. From the dense spheroidal mombologies 


of the aggregates, the rate of aggregation ap- 
pears to be reaction-limited (30), Similar dense- 
ly packed aggregates of biogenic metal-bearing 


nanoparticles have been reported fom other 
metal-contaminated systems (3/), Such ag- 
gxcgates in sediments could trap and possibly 
preserve organic molecules oF their degradation 
‘products in sediments or rocks, 

Microbial and chemical redox transforma 
tions of metals can result in the precipitation of | 
metal-bearing nanoparticles across a range of 
environmental conditions (32), The aggregation 
state of these particles may have a strong impact 
fon metal mobility and water quality (33). Our 
results suggest that aggregation induced by 
extracellular metal-binding polypeptides and 
proteins plays an important role in limiting 
nanoparticle dispersal in natural environments, 
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Origin of the Low Rigidity of 
the Earth’s Inner Core 


Anatoly B. Belonoshko,** Natalia V, Skorodumova,’ Sergio Davis,” Alexander N. Osiptsov, 


Anders Rosengren,” Barje Johansson**> 


Earth’s solid-iron inner core has a low rigidity that manifests itself in the anomalously low 
velocities of shear waves as compared to shear wave velocities measured in iron alloys. Normally, 
when estimating the elastic properties of a polycrystal, one calculates an average over different 
‘orientations of a single crystal. This approach does not take into account the grain boundaries and 
defects that are likely to be abundant at high temperatures relevant for the inner core conditions. 
By using molecular dynamics simulations, we show that, if defects are considered, the calculated 
shear modulus and shear wave velocity decrease dramatically as compared to those estimates 


obtained from the averaged 
core is explained, 


ince the discovery of Earth’s inner core 
Stier iim in 6 

has been established, on the basis of the 
‘equation of state as compared to seismic data ant 
the abundance of iron, that Earth's IC mainly 
‘consists of iron (2-5), However, the resistance of 
iton and its alloys to shear, ether measured (6, 7) 
‘or calculated ($), does not match the very low 
resistance to shear of the IC, as follows from the 
low velocity of the shear signal propagation 
(4, %, Toexplain the low rigidity of the IC. it 
has been suggested that Earth’s IC contains 
Fiquid inclusions (/0). This suggestion, however, 
is met with certain difficulties (77, /2), because a 
Tiquid is likely to be squeezed out of the IC. 
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igle-crystal values. Thus, the low shear wave velocity in the inner 


Therefore, a satisfactory explanation of the low 
rigidity of Earth's IC is still lacking. Computa- 
tional materials physics has now reached a high 
degie of sophistication and reliability in the 
calculations of crystal clastic constants at the 
conditions relevant for the IC (N). Yet, the shear 
moduli of relevant iron alloys, obtained by the 
most advanced computational methods, are sys- 
tematically higher than the observed shear mod- 
tulus ofthe IC (8). This rend makes one question 
the validity of the procedure currently applicd 
for calculating the elastic constants of materi- 


als at high temperature 7 and pressure P. At 
present, one calculates the elastic properties of 
polycrystalline material by averaging the 
clastic properties ofa single erystal over all pos- 
sible crystallographic orientations (/3), Thus, 
the elastic properties of a polycrystalline ma- 


terial are completely defined by the properties of 


crystal. Although this appro 
be quite legitimate at low temperature, it mi 
fail under conditions when grain boundaries 
become viscous (/4), Which is likely at high 
temperature, 

‘To investigate the impact of defeets and grain 
boundaries on the shear properties of polyerystal- 
Tine iron under the IC pressure and temperature 
‘conditions and to evaluate the applicability of the 
‘contemporary approach 1 caleulate shear propet= 
tics of iron in Eanh’s 1C, we study the elastic 
‘behavior of an ideal iron crystal in comparison 
with that of a “realistic” sample containing sev- 
cral grain boundaries as well as other extensive 
structural defects 

Among the possible computational methods, 
the method of molecular dynamics (MD) appears 
to be very suitable for calculating the elastic 
properties of a material at finite temperatures. 
MD simulations of realistic samples require a 
Tange number of atoms that prevents the appli- 
cation of pure ab initio methoxs. Recently, suf 
ficiently precise embeddedsitom model (EAM) 
‘of high-pressure iron has been developed (15-17), 


Table 1. Calculated properties of bec iron as compared to the IC data. 


Parameter (units) __Ab initio (18) EAM (15) Earth's C4) 

P (GPa) 3567 3600 360.0 363.9 

TW 6000.0 6000.0 7400.0 5000 to 8000 (5) 

8 (GPa) 14860 3727 1380.0 14253 

Gas (GPa) 1561.6 13910 14154 

Ga (GPa) 1448.1 13635 13625 

Cus (GPa) 3655 4480 387.0 

G (GPa) 2420 2743 203.1 1761 

gem) 1358 13.90 1378 13.09 

(mise) 154 1190 a2 11.26 

Vs (krmisec) 422 aaa 420 3.67 
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1603 


1604 


el, the interatomic inte 

nge pair-wise repulsion and a 
many-body interaction term. The latter repre: 
of embedding an atom into the 
odel was parameterized 10 
reproduce the results of first-principles ealeu- 
fations (75). In the present work, this EAM is 
further tested by calculating the clastic constants 
of the body-centered cubic (bec) iron crystal and 


sents the ene 


‘comparing those constants to the clastic con- 
nis obtained by the projector-augmented 
wave (PAW) method (/8), one of the most 
precise first-principles methods. Having chosen 
the model of iron, we now have to decide which 
phase of iron to consider, Recent theoretical 
results suggest that the bee phase of irom (/6, 19) 
[or iron alloyed with silicon (20)] is stable at the 
pressure and temperature conditions of the IC 
and, the S appropriate to consider. The 
clastic moduli of this phase have been ce 
by the “stress-strai 
approach is based 
law, which states that the stress. tens 
proportional to the str 


components cau on of a 
small strain with components eq Cy are the 
components. of the stiffness 
moduli, Therefore, if one knows the strain and 
stress tensors, one can derive the el 
constants, This approach has b 
numerous materials, and it can be applied 10 
cerystals at equilibrium as well as under pressure 
(22, 23), The comparison of the performance of 
the “stress-strain” method with that of the 
eenergy-based approach has shown good agree: 
ment between the results obtained by the two 
methods as well as with experimentally obtained 
data (22), We consider the bee phase of iron and, 
hence, we need to know only three independent 
constants Cir. Cr, and Cua, which ean be 
extracted fom the MD ca 
app sponse 10 st 


stic 
tested on 


ulations of stresses 
r all strains applicd 
to the crystals under the constant volume con- 
i (Table 1), Having obtained these moduli 
culate the shear modulus [@ = (Cy, 


Cia + 3Cua)S](U3) and, consequently, estimate 
situdinal [V2 =(B * 4G°3)) 
(12 = Gip) velocities 


nd shear 


where B and p are the 
ity of the material 
nd 7). We present the clastic moduli 
and velocities obtained by this method for bee 
iron, using the data produced in ab initio (18) 
and quasi-ab initio (5) EAM MD simulati 
(Table 1). In all our MD simulations, we used 
0.546 time step and periodic boundary con- 
ditions, The EAM- and PAW-<aleulated proper- 
ties are reasonably close to each other, which 
allows us to rely on the EAM approach in the 
MD simulations of polycrystalline iron, The 
calculated clastic properties (Table 1) agree well 
with those reported in a recent work that 
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additionally confirms the validity of our The bee sample containing 1,0 
methods (8). Values presented in Table 1 dem- heated to 10,000 K to ensure melting. Th 
ain that calculated shear moduli bee erystals were embedded in the eight o 
are substantially higher than the modulus of the box containing the melted iron. These 
observed for the IC crystals were slightly misplaced from the exact 

A realistic sample can be obtained either by centers of the octants and rotated around 
owing a polyerystal from meh (24) (refered to domly chosen axes. This sumple was then erys- 
as the M sample) or by performing the Voronoi tallized at T= 6800 K and P = 36 Mbar for 
construction ( sed to as the V sam- 300,000 time steps (Fig, 1), The procedure of 
pk). We prepared iron samples by both methods growing a sample from melt is relevant for the 1C 
(Fig. 1). The number of atoms in these cubic ease, because the IC is likely formed by crystal 
samples was close to I million. The length of the iron-rich alloy (27), The V 
‘cube side (L) was about 183 A. The preparation lly contained 10 bee grains, with 
fof the M sample included the following steps. centers randomly placed in the cube of the same 


1 eight 


onstrate onc 


A B 


Distance (A) 


Fig. 1. The structure and atom mobility of the synthesized iron samples (the size is about 200 A). 
(A) The sample grown from the M sample. The atoms are colored in accordance with their mobility 
as shown in (D): Yellow spheres are the most immobile atoms, and blue and red spheres are the 
most mobile atoms. The color bar shows the exact palette. There are no clear grain boundaries but 
there is 2 number of randomly located defects. (B) Initial configuration of atoms in the V sample. 
Each grain is colored according to its number. (C) The V sample obtained by MD simulations 
starting from the sample shown in (B). The atoms are colored in accordance with their mobility 
[with the same palette as for (A)] but in the scale according to their mobility (see the color bar). 
Grain boundaries are clearly seen. (D) The number of atoms as a function of the traveled distance 
at the different time steps. The motion of atoms in the V sample (C) is much more intense as 
‘compared to that in the A sample (A) The inset shows a comparison of radial distribution functions 
(ROF) for the ideal bcc crystal, the MM sample, and the V sample. Even though there are numerous 
defects in the Mt and V samples, their structure is clearly that of the bec crystal. 
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size (L.~ 185 A), Then, a randomly oriented bee 
crystal was built around every center: An atom, 
belonging to a erystal J, was deleted if the 
distance between the atom and a center of a 
crystal J was smaller than the distance between 
the atom and the center of the erystal Z. This 
simple rule allows us to perform the Voronoi 
construction, If two atoms were spaced by’ less 
than 1.3 A (this might happen at a grain bound- 
ary), one of the atoms was removed. After that, 
the sample (Fig. 1B) was annealed at T= 6800 K 
and P= 3.6 Mbar for 300,000 time steps (Fig. 
1), The atoms are colored in Fig. 1, A and C, 
according to their mobility (Fig. 1D). All the 
studied samples retain the bee structure (28) 
{inset in Fig. 1D), These crystals contain defects 
as well as grain boundaries, which are either 
preset in the sample (V simple) or form as result 
‘of growth fiom the melt (M sample). The M 
sample does not contain clear grain boundaries 
The diffusion in the M sample (Fig. 1D) is typical 
‘of the diffusion in a solid with interstitial and 
vaeantey-like defiets, The V sample is rather 
different from the M_ sample: It contains clear 
grain boundaries (Fig, 1C) that result in. the 
presence of atoms with liguid-like mobility (see 
the tail of the curve in Fig. 1D). Having these two 
‘simples, we are now able to distinguish between 
the relaxation of stress due to the diflasion of 
defeets within grain and stress relaxation due to 
the interaction of grain boundaries, 

Further, the ideal bee erystal as well as the 
M andl V samples (Fig. 1, A andl C) were sub- 
{ected to shear. The shear was applied in such a 
Way that the “new” atom coordinates in the 
deformed sample were obtained from the “old” 
‘eooninates according 1 the FOr they = Ma * 
sui, where w and v were two different (x 
coordinates of an atom, owas shear magnitude 
and Z was the size of the cubic box. Such a shear 
corresponds to the strain normally applied to 
calculate Cas, The ideal bee sample was 
subjected to the strain =x, v= 1nd = SOA, 
and L = 192.0 A. We then performed the MD 
simulation of this sample. keeping constant 
Volume and temperature (6800 K), The resulting 
shear modulus , which for this particular shear 


Fig. 2. Relaxation of the sheared 
iron samples: (A) G and (B) Vs. Dit- 
ferent colors are used to distinguish 
between different samples and ways 
‘of the shearing (where dis the shift 
of the upper side relative to the bot- 
tom sided: ble, d = 5.0 A for the it 
sample (Fig. 14) and xy plane at T= 
6800 K; brown, d = 5.0 A for the Mt 
sample and ay plane at T = 6000 K: 
red, d= 5.0 A for the Mt sample and 
sz plane at T= 6800 K; green, d = 
5.0 Aor the ideal bec crystal and.xy 
plane at 7 = 6800 K; and magenta, 
d= 1.0A or the V sample (Fig. 10 
and ay plane at T= 6800 K. 


o G(GPa) > 
Ee | 


(km/sec) 
ob oe oF 
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coincides with Cag, does not change with time 
(Fig. 2A), and neither does the corresponding 
shear velocity, calculated as 2 = Gip (Fig. 2B). 
No relaxation of stress is observed. The shear 
modulus remains constant and higher than that 
in the IC, Similarly, the M sample (Fig, 1A) was 
sheared with u =x, v=, d= 5.0 A, and L = 
188.4 A, and the stress was calculated at a 
constant volume at two temperatures (6000 and 
6800 K). Though sample M does not contain 
grain boundaries, stress relaxation with time is 
{quite different ffom that in the ideal bee sample 
(Fig. 2), The shear modulus decreases from the 
ssame value as forthe ideal bee sample to that of 
the Earth's IC and eventually becomes even 
lower (which seems to be natural, because itis a 
matter of time when a stress is released). 
(Changes in the direction of applied strain and 
moderate variations of temperature (6000 and 
{6800 K) have litte impact on the shear stress 
behavior 

The V sample was subjected to the shear with 
wax.vex d= LOA and L= 1888 A. Wettiod 
‘out a number of shear magnitudes in order to, on 
the one hand, resolve the stress as precisely. as 
possible and, on the other hand, remain within 
the elastic behavior, The temperature was 6800 K 
during the MD run, We sce that the magnitude of 
the stress (Fig. 2) in the beginning of the run is 
‘equal 10 that averaged over the ideal crystals 
(Table 1). However, stress relaxation is very fast 
as aresult ofa high mobility of atoms at viscous, 
(iguid-fike) grain boundaries (Fig. 1. C and D). 
The very low rigidity of the V polycrystal ( 
1C) is likely due to the reverse Hall-Petch 
feet (29), which consists in the existence of a 
maximum of erystal strength as a function of a 
eran size. 

The comparison of relaxation pattems in the 
Vand M samples suggests that even if'iron grains 
in the IC are large, the diffusion within a grain 
ean clearly accommodate the relaxation neces 
sary to attenuate the shear signal and get low 
seismic shear velocities that are consistent with 
those observed in seismic studies (4. 9) (Fig. 2B). 
The impact of intwxtucing defects and grain 
boundaries consists in depressing the shear 
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Evidently, this impact does not depend 
fon the structure of iron: Whatever the phase, the 
diffusion, cither within a grain or at a grain 
boundary, will decrease the shear resistance, We 
conclude thatthe low rigidity of the Earth's IC is 
due to the viscous grain boundaries and that the 
high diffusion within iron crystallites is due t0 
high temperature. On a more general note, the 
calculations of high-temperature clasicity of a 
‘material must account for the effects. of grain 
boundaries and diffusion, 
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Frequent Long-Distance Plant 
Colonization in the Changing Arctic 


Inger Greve Alsos,’*t Pernille Bronken Eidesen,* Dorothee Ehrich,? Inger Skrede,” 
Kristine Westergaard, ? Gro Hilde Jacobsen, Jon Y. Landvik, Pierre Taberlet,* Christian Brochmann? 


The ability of species to track their ecological niche after climate change is a major source of 
uncertainty in predicting their future distribution. By analyzing DNA fingerprinting (amplified 
fragment-length polymorphism) of nine plant species, we show that long-distance colonization of 
4 remote arctic archipelago, Svalbard, has occurred repeatedly and from several source regions. 
Propagules are likely carried by wind and drifting sea ice. The genetic effect of restricted 
colonization was strongly correlated with the temperature requirements of the species, indicating 
that establishment limits distribution more than dispersal. Thus, it may be appropriate to 
assume unlimited dispersal when predicting long-term range shifts in the Arctic. 


Fimate warning (J) is expected 1 cause 
( the distribution area of many plant 

species to shill northward in the Northem, 
Hemisphere (Fig. 1). The composition of Future 
‘ccosystems will critically depend on the long- 
distance dispersal capabilites of individual spe- 
cies (2-4), Because long-distance dispersal is 
‘supposed to be rare and stochastic, quantification 
Cf it poses a considerable challenge (5-8), Mod- 
cls that are used to forecast climate change 
induced shifts in species distribution commonly 
assume that dispersal is unlimited (9, /0), alk 
though restricted dispersal may prevent species 
nv filling their climatic niche (12, 12). Thus, it 
is important to determine whether species will 
be able to track their climatic niche. In this 
study, we used genetic data to reconstruct past 
plant colonization pattems in the Aretic. In 
particular, we determined the frequency of 
efective long-distance dispersal events, iden- 


tified the source areas, and assessed whether 


dispersal ability is more limiting than establish- 
ment in a new area, 

‘The Svalbard Archipelago (Fig. 2) is a good 
model system in which to study long-distance 
dispersal in the Arctic because of its remote 
location and geological history. The islands 
‘were almost entiely glaciated during the last 
itlacial maximum 20,000 years before the 
present (yr B.P) (73, 14). It has been debated 
\whether any of Svalbard’s flora survived in local 
relitgia (/5, 16), Recently, genetic studies have 
indicated that colonization occurred: after the 
ehicial retreat (15, 16). This is in accord with 
recent reconstructions (/), which suggest an 
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‘extreme jee cover that excluded glacial survival 
‘of most, if not all, species. Paleoreconls show a 
sparse arctic Vegetation subsequent 10 10,000 yr 
BP, and pollen and marine mollusc data indi- 
cate that the climate was 1° to 2°C warmer than 
today from 9500 10 4000 yr B.P. (17). This warm 
Period probably facilitated colonization of the 
‘most thermophilous species occurring in Svalbard 
today. 

We analyzed 4439 samples from most of 
the geographic ranges of nine plant species 
native to the Arctic, representing the major 
climatic and dispersal adaptations found in the 
region, for amplified fiagment-length polymor- 
phism (AFLP) (Table 1) (/8). To determine the 
geographic structure of the genetic variation, 
wwe used Bayesian clustering analyses, ondina- 
tion, and tree-buikding algorithms. The most 
likely source regions for the plants from Svalbard 
were determined with mulilocus assignment 
texts. The genetic effect of restricted colonization 
was quantified by combining six genetic mea- 
sures. The minimum number 0 
propagules was estimated as the 
sible subsample of the source populations 
needed to bring all observed AFLP markers t0 
Svalbard (18), 

We found that colonization of Svalbard has 
‘occurred from all possible adjacent source re- 
gions (Fig. 2), suggesting that future coloniza- 
tion from the same regions can be expected. We 
observed a variety of species-specific patterns, 
as typically found in comparative phylogeouraphty 
(U9). Notably, the predominant source was the 
most distant region, northwestem Russia, Coloni- 
zation from Scandinavia was rare; only Salix 
herbacea appears w have derived: mainly from 
this region (Fig. 2), However, the single Russian 
popubstion of S herhucea that we analyzed be- 
longed to the same genetic group as the northern 
‘Scandinavian populations, and colonization from 
the east could not be excluded even for this 
spxcicn 

In eight of the nine species, multiple prop- 
aguks were necessary to bring the observed 
‘genetic diversity to Svalbard (Table 1; Arahis 
‘alpina was Virtally invariable in the North 
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Fig. 1. Number of species that may colonize the 
geographically isolated Svalbard archipelago (map) 
from adjacent land masses after climate warming, 
The graphs show cumulative number of species in 
successively warmer bioclimatic zones inthe source 
regions (squares) and the cumulative number of 
these species that are present in Svalbard today 
{triangles) (28). Mean July temperature is given for 
each bioctimatic zone, Most of Svalbard’s current 
flora belong to zones Ato C, A summer temperature 
increase of 2° to 4°C (2) could sift Svalbard toward 
zones D and E The gap between the lines at 
biociimatic zone D and E shows high potential 
‘numbers of colonizing species. 


Atlantic region). We estimated that a minimum 
number of 6 10 38 plants of each species must 
have successfully established and survived in 
Svalbard, implying that many more propsgules 
actually reached the archipelago (/8), In addi- 
tion to the main source region, the allocation 
2) and the geographic distribution of 
the AFLP markers (not shown) indicated sup- 
plementary source regions for six species. The 
‘most hardy species, which are adapted to mean 
July temperatures of 4° to $°C o colder (Drvus 
‘octopetala, Salix herbacea, Cassiope tetragona, 
and Saxifruga rivularis), were allocated to 
several source regions and had the highest 
timates of colonizing propagules. In these 
species, the level of genetic diversity in 
Svalbard was similar to that in the primary 
source regions (Table 1), More than one source 
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Fig. 2. Source regions for past colonization of Svalbard inferred from genetic 
data (AFLP). The geographic distribution ofthe species (23, 24) fs shaded, and 
the distribution of closely related species is indicated by dotted lines (Betula 
cexilis and Dryas integrifolia), Colors represent main genetic groups and 
symbols represent subgroups. Asterisks indicate a population that could not be 
clearly placed into a genetic group (E nigrum). Numbers on the arrows 
indicate the percentage allocation when a log-likelihood diflerence of 1 was 
used (10 times as likely from that source region as from any other source 


regions). For C. tetragona, the direction of dispersal between Svalbard and 
‘Scandinavia is uncertain because of low diversity in Scandinavia, The source 
{or the Svalbard populations ofA. alpina could nat be determined because of 
lack of genetic variation. In S. rivularis, the highest levels of genetic variation 
and most private markers were observed inthe Svalbard populations Table 1), 
Which also were clearly separated from the two amph-Atlantic genetic groups. 
‘Thus, survival in Svalbard during the last glacial maximum cannot be excluded 
{or this high-arctic species. 


region was also found in two of the rarest and 
most themophilous species in Svalbard, Betula 
‘nana snd Vaccinium uliginosu. 

The genetic effect of restricted coloni- 
zation of Svalbard was negatively correlated 
\with adaptation tthe current climate in Syalbard 
(Fig. 3), suggesting that dispersal itself’ may 
not be the limiting factor. The establishment 
phase—involving germination, survival, and 
local reproduction —is more likely 10 be the 
ting process. This interpretation is sup- 


ported by our observation that 80 10 90% of 
the most cold-adapted species that occur in the 
potential source regions are currently present 
in Svalbard, whereas only 40 10 60% of the 

tic zone C (6° to 


(Fig. 1). 

Probable dispersal vectors are wind (which 
may have carried propagules through the air or 
‘over snow and sea ice), drift wood and drifting 
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sea ice, binds, and mammals (3, 5, 8, 20, 21). 
In contrast to Scandinavia, northwestern Russia 
and Greenland are frequently connected 10 
Svalbard by way of sea ice during winter. 
Dispersal from Russia may have been facili- 
tated by drift wood. Bank erosion along the 
Russian rivers routinely results in logs and other 
debris finding their way onto drifting sea ice, 
Which reaches Svalbard by means of surface 
‘currents (20), 

The recurrent glacial cycles have probably 
selected for a highly mobile arctic flora. In ad- 
ition, some dispersal vectors may be particularly 
efficient in the Arctic as a result of the open 
landscape, strong winds, and extensive snow and 
ice cover. The high kevels of genetic diversity 
found in several species previously studied in 
Svalbard are also consistent with multiple dis- 
jpensals. although the sampling design and genctic 
methods used did not allow estimation of the 
frequency or source areas (16, 22). Given that 
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Fig. 3. Index of the genetic effect of restricted 
colonization of Svalbard for the nine species 
analyzed compared with an index of adaptation 
to the current climate in Svalbard, The axes are 
principal components summarizing three measures 
of climatic adaptations (Table 1) and six quantities, 
related to the effect of restricted colonization 
bbased on genetic data (AFLP) (18). 
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Table 1. Characteristics of the species analyzed and AFLP data. The 
northernmost bioclimatic zone where the species is frequent () or 
scattered (5) is given according to the checklist in Elven et al. (24). B, 
Northern Arctic tundra zone; C, Middle Arctic tundra zone; D, Southern 
‘Arctic tundra zone, The relative rarity—i.e., how much rarer the species is 


is based on our own observations (1 = rare and 6 = abundant). The 
minimum number of propagules that colonized Svalbard, genetic diversity 
(0) (+ standard deviation), and differentiation (@.r) within Svalbard and 
between Svalbard, and the most important source region (compare with 
Fig. 2) are calculated based on the AFLP data. For S. rivularis, two data sets 


in Svalbard compared with the abundance reached in ts optimal habitat— were analyzed (18). 
Empetrum Vaccinium Rubus Betula nana Dryas Salix: Cassiope —Arabis—Saxifraga 
nigrum utiginosum chamaemorust. Ls. actopetala herbacea . —tetragona_— alpina L._rivularis L. 
Lesh Lest. Lest (L) D. Don 
ssp. tetragona 

Main dispersal Bird Bird Bird Wind Wind Wind Wind? = Wind? Wind? 
vector 

Northernmost a0) co ow cr) co co co co Be) 
bioclimatic zone 

‘Minimum mean 5106 5106 6107? 6107 304 4105 4005 5106 3 
July temperature 
(0) 25) 

Relative rarity 3 1 2 2 5 4 2 6 
in Svalbard 

Germinable seeds No data Not found No data -»——Not found. = Only in. »——No data Rare No data Abundant 
oF seed banks in warmest sites 
Svalbard (26) 

No. of populations 461) = 131.6) 45.(2) ns) Rey 413) (12) 36 (2) 32/22 (8) 
analyeed (Svalbard) 

No, of individuals 435 (38/32) 957 (26/17) 398 (15/14) 570 (32/29) 528 (161) 399 (33/32) 579(132) 305 (20) 268/207(72) 
analyzed (Svalbard 
individuals! 
genets) 

No, of polymorphic 78(0) «105 ) 173.0) ug) 155() 2501) a) 242 (0) 452) 
markers (private 78 (8) 
Svalbard) 

AFLP reproducibility % 97.730) 97.7 (44) 97.8 (63) 98.0151) 99.12) 98.0141) 99.3 (23) 99.0 (42) 97.3 (04) 
(0, of controls) 95.0 (40) 

Minimum no. z 2 6 n 38 20 “4 1 2 
of colonizing 
propagules 

Svalbard (average — 0.049 0.066 = 0.060 = 0103+ 0.089 ©1084 = 0.125+ 0.000 aaa + 
per population) 0.017 0.044 0.019 0.016 0.025 0.007 0.010 0.074 

D main source ones 0.74 0.126 + 0148+ 0.106 0.142 0.133 0.001 0.061 + 
region (average 0.032 0.020 oon 0.013 0.017 0.015 0011 0.002 0.024 
per population) 

ogy within Svalbard 0.275 0.696 272 0.161 0.151 0.188 0.167 - 0.483 

gy Svalbard—main 0.147 0.089 0.109 0.13 0.157 0.110 0.013 0.000 0.211 
source region 


the dispersal mechanisms in existence during 
the early and mid-Holocene are probably still 
‘operating today, we ean assume that long- 
distance dispersal still occurs with regularity. 
Thus, we conclided that arctic species seem to 
be able to track their potential niche and. that 
Unlimited dispersal models (9, 70) may be ap- 
propriate to estimate long-term range shifts for 
aretic regions. 
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Modulation of Neuronal Interactions 
Through Neuronal Synchronization 


Thilo Womelsdorf,?*t Jan-Mathijs Schoffelen,**t Robert Oostenveld,” Wolf Singer,” 
Robert Desimone,** Andreas K. Engel,* Pascal Fries*” 


Brain processing depends on the interactions between neuronal groups. Those interactions 
‘are governed by the pattern of anatomical connections and by yet unknown mechanisms that 
modulate the effective strength of a given connection. We found that the mutual influence among 
neuronal groups depends an the phase relation between rhythmic activities within the groups. 
Phase relations supporting interactions between the groups preceded those interactions by a few 
milliseconds, consistent with a mechanistic role. These effects were specific in time, frequency, 
and space, and we therefore propose that the patter of synchronization flexibly determines the 


pattern of neuronal interactions. 


roups of activated neurons synchronize 
G: the gamm-frequency band 30 t0 
100 Hz), and previous studies have re 
lated ganmma-band synchronization to several 
cognitive functions (1-6), Yet, if gamma-band 
synchronization subserves those functions, it 
rmutst have mechanistic consequences for neuro 
nal processing (7). It has been shown that the 
precise timing of pre- and postsynaptic activation 
determines long-term changes. in. synaptic 
strength (8-10) and that gamma-band synchro 
nization of synaptic inputs directly enhances their 
effective synaptic strength (7-13). 
Synchronization between two groups of 
neurons is also likely to facilitate interactions 
between them (Fig. 1A) (6, 14). Gamma-band 
synchronization entails rhythmic inhibition of 
the local network (15-17), and the periods 
between inhibition provide temporal windows 
for neuronal interaction. Two groups of neurons 
will therefore probably have a greater influence 
‘on cach other when their temporal interaction 
windows open 
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rhythmic synchronization within the groups is 
also synchronized between the groups. By the 
‘same token, the interaction is probably curtailed 
if the temporal interaction windows open either 
in an uncorelated way or consistently out of 
phase with cach other. 

We analyzed four data sets: (3) one fio 
awake cat area 17. (i) one combining awake cat 
area 18 with area 21 recordings, (ii) one from 
awake monkey area VI, and (iv) one from mon- 
key area V4. [Data from two of the three area 17 
data sets have been used in (18, 19}: the V4 data 
sset has been used in (3, 20), In all cases, we 
recorded multiunit activity (MUA) and local 
field potentials (LFPs) simultaneously from 
four to cight electrodes while the neurons were 
Visually stimulated with moving gratings. From 
«each data set, we used trials with identical visual 
stimulation and behavioral tasks and based our 
analysis on the natural fluctuation of neuronal 
‘gamma-band synchronization, For each pair of 
neuronal groups, we quantified synchronization 
by means of the MUA-MUA phase-<coherenc 
spectrum (Fig. 1B) and the MUA-LEP phase 
coherence spectrum (Fig 1C)(2/), 

Phase-coherence spectra showed a peak in 
the gamima-frequency band, indicating that phase 
relations between signals wer: not random. 
However, phase coherence was far from perfect 
(a value of 1.0), but it assumed average peak 
Values of 0.14 and 027 for MUA-MUA and 
MUA-LEP combinations, respectively. The 
‘phase relations at 60 fz in one example MUA 
MUA pair are shown for 708 trials of 250-ms 
length (phase-coherence value of 0.06) (Fig. 1D). 

“The spread of phase relations around their 
mean might just be imelevant noise. Here, how= 
lever, we used this spread to actually test for its 
potential physiological consequences. We hypoth- 
sized that the mutual influence between two 
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neuronal groups was a function of their phase 
relation (Fig. 1A). Phase relations ane meaning 
fully defined per frequency, and we hypothesized 
that the phase relation at a given frequency 
should modulate the int among the local 
rhythmic activities specifically at that frequen 

We investigated this hypothesis for the ex- 
ample pairof recondings sites. We sorted the trials 
into six bins according to the 60-4Lz phase 
relation between the two MUAs (Fig. 1D). For 
‘cach phase-cation bin separately, we then quan 
od the two MUAs" mutual influence as the 
Spearman rank correlation coefficient bet 
the two MUAS" 60-I1z power, Is 
the bin (Fig, 1E), Fluctuations of 60-12 power 
were most strongly correlated when the 60-1 
phase relation was close to its mean across the 
trials. Specifically, when the gamma-band rhythm 
in group A ed the one in group B by 2.1 ms 
{mean phase relation at 45:89), the correlation 
between cach group's gamma-band power was 
four times as strong as when the rhythms were 
separated by 10.5 ms (phase relation at 225.8%), 
The example pair illustrates this fora case with a 
nnonzew mean phase to demonstrate that the 
celcet cannot be ascribed to extemal artifacts or 
Volume conduction, but the mean phase rekt- 
tions across our sample distributed closely 
around zero (Fig. 1B), 

We performed the same analysis after 
replacing one ofthe MUAs by the LFP recorded 
through the same electrode. The mean MUA- 
LEP phase relations clustered around 141° 
(Fig. 1€), and power correlations: were again 
substantially enhanced around the mean phase 
relation (Fig. 1, F and G), Across our sample, 
00d phase relations mostly distributed close to 
the respective mean phase relations for both 
MUA-MUA and MUA-LEP pairs (fig, SI). We 
correspondingly dubbed the mean phase rela- 
tion as “good” and the opposite phase relation 
as “bad.” and we aligned the tral binning to the 
‘200d phase relation 

‘The observed effect was consistent across the 
four data sets (Fig. 2 and fig, $2) (140, 86, 111, 
and 11] MUA-MUA pairs from area 17, areas 
18»21a, area V1. and area V4, respectively, and 
280, 172, 228, and 237 MUA-LEP pairs from 
the same areas). MUA-LFP pairs showed qual 
itatively the same effect as MUA-MUA pairs but 
\ith higher signal-to-noise ratios (Fig, 2B). We 
therefore focused our further analyses on MUA 
LFP pairs (reoomded from separate electrodes). 
The effect was also present for pairs of LFP 
and single-unit recordings (fig. $3), The effect 
generalized to long-range interactions, because 
the analysis of the data set combining eat area 
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18 recordings with area 21a recontings was 
restricted to interaeal pairs of recording sites 
(Fig. 2D). 

‘We did not attempt to relate the two signals” 
power correlation to their coherence, because 


Fig. 1. Precise timing between rhythmic 
neuronal activities determines the strenath of 
their mutual influence. (A) Sketch of three 
‘groups of neurons, each rhythmically active 
(LEP oscilatons with spikes in troughs). Time 
windows for effective communication are 
either aligned (red and blue group) or not 
aligned (red and gray group). (B and €) 
‘Average phase-coherence spectrum across all 
(B) MUA-MUA and (C) MUA-LEP pairs (area 17 
data) and corresponding distributions of mean 
phase relations at 60 Hz. (D) Triaise phase 
relations from an example MUA-MUA pai. 
Phase relations were sorted into bins (ight and 


A 


dark gray ring segments) aligned to the mean i 


phase relation (ed line). (E) Spearman rank 
Correlation coefficients bebveen the two MUAS’ 
60-Hz power as a function of their phase 
relation. (The solid tine indicates a cosine fit) 
(F and G) Same as (0) and (E), but with one 
{MUA substituted by the respective LFP. (H and 
1) Example MUA-LEP pair from the area 17 
data set demonstrating that coherence does 
riot necessarily result in phase-telation— 
dependent power correlations. (H) Coherence 
with a clear peak around 60 Hz. () Power 
Correlations as a function of phase relations, 
showing no consistent relation. 


A __MuA-MUA 
power correlation 
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Fig. 2. Phase-elation-dependent modulation of power correlations is fre- 
‘quency specific. (A) Average power correlation as 2 function of phase relation 
Gc axis) and frequency (y axis) for MUA-MUA pairs recorded in cat area 17. (B) 
‘Same as (A), but for MUA-LEP pais, (C) Modulation depth ofthe cosine function 
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the coherence measure confounds phase syn- 
chronization and power correlation. In contrast, 
we related the comekition between the two 
ignals power across trials directly to their rela- 
'e phase. The presence of coherence (Fig. IH) 
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does not necessarily result in a phase-relation 
dependent power correlation (Fig. 11) and thus, 
the demonstration of phase-relation-dependent 
power correlation goes beyond the demonstra 
tion of coherence, 
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fitted to the phase-relation-dependent poner correlations. Gray bars indicate 
significant frequencies (P < 0.05, multiple comparisons corrected). (Right) 
‘Average phase-telation-dependent power correlation at 60 Hz, (D and E) Same 
a5 (O, but for (D) cat area 18x21. and (E) monkey area V1. 
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One concem is that the effect might be due 
to rhythmic common input that Huctuates: in 
strength across trials. Common input would bias 
‘phase relations and impose correlated power on 
both groups. Clues about the actual causal chain 
of events might be gained from the relative 
timing between phase relation, on one hand, and 
power correlation, on the other hand. If power 
correlation covaried with phase relation because 
‘of common input, then there should be no delay 
between the two, However, if good phase re- 
lations were actually the mechanistic cause of 
strong power correlations, then good phase re- 
lations should precede strong power correlations 
by a few milliseconds, incurred by axonal, 
synaptic, and intracellular delays. We therefore 
‘compiled time-resolved estimates of the “zood- 
ness” of phase relations and of the strength of 
power correlations, and then we determined the 
ceross-correlation as a function of time lag 
between the two time series (2/). Figure 3 
shows this analysis pooled across all four data 
sets and demonstrates that good phase relations 
preceded strong power conelations by 5 ms, We 


‘observed this temporal precedence in cach of the 
four data sets. Additional observations arguing 
‘against a common input explanation are given in 
the supporting online material text. 

‘The modulation of two neuronal groups? 
interaction by their phase relation would be 
particularly interesting ift was spatially specitic 
(Fig. 1A). We therefore investigated recording 
triplets A, B, and C from three separate electrodes 
(in which A was an LEP and B and C were 
MUAs). Figure 4A shows, for one example 
tripket, a scater plot in which each dot cor- 
responds to one trial and the x and y values give 
the “goodness” of the A-B and A-C phase 
relations, respectively (22), We sorted the trials 
according 10 the quadrants of the plot. In 
‘quadrants QI and Q2. the phase relation between 
A and B was good, whereas in Q3 and Q4 it was 
bad, We contrasted the A-B power correlation for 
(QI and Q2 with that for Q3 and Q4 (red line in 
Fig, 4, B to D). Orthogonally to this, the phase 
relation between A and C was good in QI and 
Q3. whereas it was bad in Q2 and Q4, and we 
contrasted the A-B power correlation for Qt 


Fig. 3. Good phase re A B 

lations precede strong ¢ 0.04) gone 

power correlations. (A) oom beer'-| 
Spearman rank correa- (@<000) 
tion coefficient (y axis) 2 0.030 

between the power cor- 

relation and the “good- 3 F | 

bie Aah al deed 200 100 0 100 200 Siar 20-10 0 10 20 30 
across all MUALFP pats ; 7s 

of all data es for relative pena es Tipemanns 


time lags (* axis) be- 


tween =200 and 200 ms. (B) Detail from (A), demonstrating the peak of the cross correlation function at 
=5 ms. Alatency ofthe peak outside the gray shaded aren is significant at P< 0.05. 


Fig. 4. Spatial selectivity of phase- 
relation-dependent power correlation. 
(A) Scatterplot shows the distribution of 
trialwise phase relations between groups 
‘A and B (y axis) and between groups A 
and C (axis) for an example triplet at 
60 Hz, Equations define how AB power 
correlations from each quadrant were 
‘combined for the results shown in (B to 
D), In the equations, c(AB,) denotes the 
A-B power correlation across trials in 
quadrant q (where qis 2, 2, 3, oF 4. (B) 
A-B power correlation as a function of 
the A-B phase relation [irrespective of 
the A-C phase relation (red line] and 
asa function of the A-C phase relation 
lirespective of the A-B phase relation 
(biue tine)). Gray bars indicate frequen 
ies with significant differences (P < 0.05, 
‘multiple comparisons corrected). The y 
‘axis denotes the differences in power 
correlations according to the equators 
shown in (A). (C and D) Same as (B), but 
for (© monkey area V1 and (0) monkey 
area V4. 
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([c(A8,) + c(AB,) ] - [ (ABS) + c(AB,) ] )/2 
([e(AB,) + (483) ] - [ c(ABQ) + (AB,) ] )/2 
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and Q3 with that for Q2 and Q4 (blue line in Fig. 
4,B 10D). The A-B power correlation depended 
significantly more on the A-B phase relation 
than on the A-C phase relation. Thus, the effect 
hhad a spatial resolution that was at least as high 
as the spatial resolution of our recordings (down 
0 0.65 mm in the monkey data sets), 

We provided evidence suggesting that neu- 
‘onal interactions mechanistically depend on the 
phase relation between rhythmic activities, The 
most likely reason for this dependence is th 
thythmic activities modulate the gain of incom- 
ing synaptic input rhythmically. Effective con- 
nectivity can thus be maximized or minimized 
through synchronization at a good or bad phase 
relation, The impact of pyramidal cells could be 
enhanced, for example, if their firing phase rel- 
ative to interneurons were advanced (/5, 23, 24) 
co if imtemeuronal firing were delaye 
inhibition or reduced excitation (25), Such mech- 
anisms might be invoked directly by cognitive 
top-down contro 

Effective connectivity would diminish when 
synchronization is less precise, because then syn 
aptic input is more likely to arrive at random 
phases. This mechanism has the advantage that 
\within a sufliciently wide frequency band, mul- 
tiple groups can be desynchronized, with respect 
toa given target group, without being necessarily 
synchronized to each other, Periods of putative 
interactions between distant neuronal groups are 
marked by an increased precision of synchroni- 
zation (I, 4. 6.26-30). 

‘We propose that the pattem of synchroniza- 
tion (its precision, phase, or both) weights the 
anatomical-connection inffastructure with again 
patter, resulting in an effective interaction pat- 
tern (/4), Such a mechanism would have several 
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interesting features. First, the effective interac- 
tion pattern could be modified very dynamically. 
Second, the mechanism would act connection- 
\wise. Thind, a transient interaction would lead to 
spike-time-dependent plasticity (8-10) and 
thus, a fon And fourth, synchroni- 
zation might emerge in a selF-onganized manner 
between “i neuronal groups. In the 
visual cortex, synchronization is stronger among 
neurons activated by the same visual stimulus 
(). This principle might generalize tothe hand- 
shaking between cognitive top-down contol and 
matching sensory bottom-up information, in 
hich ease consecutive synchronization could 
contribute to the selective routing of sensory 
information to behavioral control (13, 14, 25), 
‘Our results suggest that synchronization has 
consequences for neuronal interactions, pro- 
Viding a putative mechanism through which syn- 
cchronization contributes to cognitive funetions, 


References and Notes 

1 GM. Gay, PKanig, A. K. Engel, W. Singer, Nature 338, 
334 (1989), 

2, A Bragin fa, J Nevo 35, 47 (1999), 

3, Pies 1H. Reynolds, AE. Rove, R,Desmone, ence 
291, 1560 Goo), 

4. Feil tol, Not Neurosc. 4, 1259 (2000. 

5B. Pesaran, | 5. Pez, M.Sahan, P,P Mitra, RA 
‘Andersen, Nat, Newosc 8, 805 2002. 


6. LM Schotelen, R Oostemeld,P. Fries, Science 308, 
111 (2008) 

7, G. Bucs, Rhythos ofthe Bron (Oxford Univ. Press, 
‘Oderd, 2008) 

1, HMarzam, |. ible, M Feotsches, 8. Sakmann, Science 
275, 213 (1997), 

9. 6.0.8, MLM Poo, J Neurosci 18, 10464 (1998) 

10. V. Wespatat.F. Tennighit W. Singer, | Newrosc. 24, 
9067 (2008). 

UL P. Kéeig, AK. Engel, W, Singer, Trends Neurosci 19, 
130 (1990, 

2. R Ata, CM. Gey, Newon 37, 513 (2003). 

1. E Salinas, 1} Sejpowsti, Not. fe Neuro 2, 539 
‘Goon. 

14. P. Frey, Tends Cognit. Sc. 9, 474 (2005). 

1S. A Masenstau eral, Newon 47, 423 2005) 

16. 1 Vida, M. Barts, P. Jonas, Newson 49, 107 
(2006. 

17, M. amos Vida, P Jonas, Nat Rew, Necro 8, 45 
2007). 

1B, PFs, PR Roetiema, A. K. Engel Ki. W. Singer, 
Proc Neth Acad, 50. USA 94, 12699 (99D. 

19. P. Fes, MS, PR Rolla, W. Singer, AK, 
Engel. Newrosc. 22, 3739 (2002) 

20, 1. Womelsdort,P Fries, PP Mitra, R.Desimone, Noture 
439, 733 2006) 

21, Materials and methods are availabe as ppoting 
‘material on Science Online 

22, Positive and negative departures tram the good phase 
‘elation tonad the bad phase relation were posted 
Decaue ou previous analyses had demonsrated 
‘synmetsic eects in both directions 

23. P Ki, AK. Engel, PR Roetema, W. Singer, 
‘Newel Compt. 7, 469 (1995). 


24. J. Ges, 8. Jamieson, K. 0. Wise, G Busi, Neuron 
37, 311 (2003), 

25, | isha, | ML Fellows, }. Sejnowsti, Neural Networks 
439, 1329 (2006), 

26. AK Engel AK kre, Png, W. Singer, Proc. Not 
‘cod, Sci. USA BB, 6048 (1990. 

27. G Burs, Z Hort, R. Uist, ). Heth, K. Wise, 
Science 256, 1025 (1992). 

28, P.R Roelisema, A K. Engel, P, King, W, Singer, ture 
385, 157 (1997, 

29, C Talon Boudry, 5. Mandon, W. A Fenald, AK rete, 
Gere. Corer 34, 713 (2008 

30. |. Gross eto, Proc. Nol. Acod. Sei UA. 103, 13050 
(2008) 

31. We thank P. KGnig, PR. Rolisema, and JH. Sevder 
for help during the cat experiments and JH, Reynolds, 
‘ALE foie, and AF Rosi for help during the monkey 
‘experiments. This work was supported by the Human 
Frontier Science Program and the Netherlands 
(Organization for Scientic Research (PF); the 
‘olksnagen Foundation (AXE and Pf the Max Planch 
Society (PF, AK, and WS); European Union grants 
4 1ST-027268 and EV NEST-083457 (AK.E); and 
UM grant ROLEYOL7292 and the National Instte of 
Metal Health-tnramural Research Program (RO) 


Supporting Online Materiat 
ow chncemag.orieieontentfull3165831/1609/001 
atents and Methods 

SOM Test 

Figs 51 te 6 

Aetrences 

5 January 2007; accepted 1 May 2007 

10.1 126/cience. 1139597 


Neural Mechanisms of Visual 
Attention: How Top-Down Feedback 
Highlights Relevant Locations 


Yuri 8. Salman,” Ivan N. Pigarev,? Trichur R. Vidyasagar™* 


‘Attention helps us process potentially important objects by selectively increasing the activity of 
sensory neurons that represent the relevant locations and features of our environment. This 
selection process requires top-down feedback about what is important in our environment. We 
investigated how parietal cortical output influences neural activity in early sensory areas. Neural 
recordings were made simultaneously from the posterior parietal cortex and an earlier area in the 
visual pathway, the medial temporal area, of macaques performing a visual matching task. When 
the monkey selectively attended to a location, the timing of activities in the two regions became 


synchronized, with the parietal cortex leading the medial temporal area. 
earlier sensory areas to enable focused spatial attention. 


selectively increase activity 


‘tention allows us to engage with our en- 
AM ronment by selecting information rel 
ant for behavior (1-3), This enables 
preferential processing of particular locations in 
the visual field oF specific features of objects 
Attention maintained on a location is usually 
referred to as spatial attention and that on a 
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etal neurons may thus 


feature as feature-based attention (4, 5), Both 
types of atention manifest in visual cortical areas 
as increased activity of neurons representing the 
attended location o¢ feature and reduced activity 
of other neurons (6-14), This may require top- 
down feedback about what is relevant in the 
environment; however, such feedback has not 
‘been empirically demonstrated. There is evidence 
(6, 11. 15-17) that the posterior parictal cortex 
(PPC) iscritical for spatial attention. The PPC isa 
higher-order structure along the dorsal stream of 
visual areas (Fig. 1A), which are particularly 
cconcemed with spatial aspects of a scene. It has 
‘been suggested that the spatial information about 


scene extracted by the PPC forms the basis for 
feedback signals to earlier levels of the vis 
pathway, highlighting spatial locations of poten= 
tial interest(/8, 79) and gating responses depend= 
ing upon the state of attention 

‘We simultaneously measured the activity in 
4 pat of the macaque PPC called the lateral 
imtraparictal area (LIP), and the immediately 
carlicr stage of the dorsal pathway, the medial 
temporal area (MT; Fig. 1), We tested whether 
LIP feedback increases MT responses to 
‘visual stimuli, The monkeys performed a delay 
rmatchto-saumple (DMS) task, which manipa 
luted both where they were attending and what 
stimulus feature they were attending to (Fig. 1B) 
20), We recorded 29 pairs of neurons from MT 
and LIP. each pair having overlapping receptive 
ficlds (RFs) and the same preferred orientation 
Local field potentials (LFPs) from the two sites 
‘were also recorded. 
fist tested whether our paradigm resulted 
in increased responses of MT neurons to attended! 
stimuli, Figure 2A shows the effect of spatial at- 
tention on a single MT neuron and Fig. 2B, the 
average population response, For both data sets, 
IT response to the second stimulus was sig- 
ntly increased in the “spatial and feature 
‘based attention” and “spatial attention” condi- 
tions, compared to the “neutral” control, When 
“attention was elsewhere.” the MT response 10 
the scoond stimulus was significantly” reduced 
(Holm’s controlled Wilcoxon test, P<0,05), These 
attentional effects on MT neurons are consistent 
With those reported in other types of cognitive 
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tasks and other cortical areas (2, 6-14) and are 
not due to simple stimulus repetition (fiz. SI). 

IF LIP neurons code attention priorities, then 
their activity should differentiate between atten- 
tion conditions. Figure 2, C and D, show the 
activity of a single LIP neuron and the popula- 
tion, respectively. Both show a significantly in- 
creased response 10 the second stimulus with 
“spatial and feature-based attention” compared to 
the “neutral” first stimulus, but a significantly 
reduced response when “attention was else- 


Fig. 1. The experimental paradigm. A. 
(A) Areas V1, MT, and UP are con- 
nected as shown, We simultaneously 
recorded from the MT and UIP while 
the monkey performed the DMS task 
(B). The monkey is required tomatch 
both the orientation and location of 
two stimulus gratings to obtain a 
reward. The monkey maintained fix- 
ation throughout each trial, while we 
manipulated his attentional state. 


where” (Holm’s controlled Wilcoxon test, P< 
(0.05). For the “spatial attention” condition, the 
increased response to the second stimulus was 
significantly different from the “attention clse- 
‘where control, though not the “neutral” control 
‘The activity of LIP neurons inereascd through the 
delay period after the first stimulus, with the 
‘overall delay period activity significantly greater 
in those cases where attention included the RF 
location (Hlolm’s controtled Wilcoxon test, P< 
(0.05), Because LIP activity inereased before the 


‘Top-down feedback from LIP to MT 


Two attention conditions were com 
pared to two controls. When both 
stings 61 and $2) have the neu See SS 
rons’ preferred orientation, and both 
appear atthe RF location (here, the 
lower left quadrant, the period after 
‘onset of 52 is the “spatial and 
feature-based attention” condition 
(eft cascade), When S1 and $2 are 
both at the RF, but $1 has the 


onan 


am 
2 


_ 


Monkay releases lever when FP dims #'S1 matches $2 
‘or when FP dsappears 1 does not match S2 


onpreferred orientation and S2 the preferred, the period after onset of S2 is the “spatial attention” 
condition (middle cascade). The two controls are the “attention elsewhere” state, which is the period 
after onset of 52 when 51 is outside the RF and preferred-orientation S2 is at the RF (right cascade); and 
the "neutral" state, the period after onset of S1 when preferred-orientation $1 is at the RF and S2 has 
not yet been presented (left cascade). FP, fixation point. 


Fig. 2. Attention in- 
‘creased activity in UP 
before MT. Examples of 
single-neuron activity 
(4SE) in the MT (A) and 
UP (€) during the OMS 
task with 800-ms_in- 
terstimulus delay, Three 
types of trials are color- 
coded: ted ("neutral” $1, 
then “spatial and feature= 
based attention” on $2), 
‘green ("spatial attention” 
‘on 52), and blue (“aten- 
tion elsewhere” for 52) 
Population activity in the 
[MT (B) and UP (D) repre- 
sents the average of 24 
ells for each area, 12 
simultaneously recorded 
pairs from each of two 
monkeys, recorded at 
'800-ms delay. The percent- 
age change (SE) in the 
population response (0 to 
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— Preferred S1 (neutral) then preferred S2 (spatial & featural attention) 
—S1 outside receptive field then preferred S2 (attention elsewhere) 
—Non-preferred S1 then preferred $2 (spatial attention) 


300 ms after stimulus onset of the MIT [right] and LP [(D), right] evoked by S2 compared to “neutral” S1; 
shown are the combined data from 24 cells at 800-ms delay and 5 cells at SO0-ms delay. 
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MT response to an attended stimulus, LIP isin a 
Position to provide feedback to MT. 

IF LIP causes the effect of attention on MT, 
then the activity in the two areas should be 
‘comeated and spikes from LIP neurons should be 
closely followed by spikes from MT neurons, We 
calculated the coherence of MT and LIP activi- 
ties [using mult-taper spectral methods (20-22), 
which measures the degroe of association be- 
‘tween two oscillatory processes (here the spike 
trains oF LFPs in MT and LIP), as a function of 
‘oscillation frequency. We generally observed 
increased coherence between MT and LIP LFPS 
in the “spatial and feature-based 
“spatial attention” conditions (Fig. 3, A and B), 
The coherence in the 10- to 35-Hz range ine 
cereased when the first stimulus appeared in the 
RE, It was also significantly clevated during the 
delay period (Student's 1 test, P< 0.05), 
increasing just before the second stimulus. The 
coherence peaked around the second stimulus 
and remained elevated for up to 400 ms around 
the stimulus. Figure 3C shows the coherence 
‘when the fist stimulus was Mashed outside the 
ARF and thus spatial attention was not drawn 0 
the receptive-ficld location, The coherence is 
much weakerin this ease, particularly around the 
second stimulus. Figure 3D shows the average 
coherence of the population of 29 paired recond- 
ings for the two attention conditions and two 
‘control stalex. The coherence was significantly 
‘greater (Holm’s controlled Wileoxon test, P< 
0.08) when attention was focused on the 
roceptive-field location compared to the “neutral” 
and “attention elsewhere” controls, 

The significant coherence of LEPs in MT 
and LIP during spatial attention means that 
there was correlated activity between ensem- 
bles of MTand LIP neurons, To determine the 
relative timing of action potentials between the 
‘wo areas, we calculated the coherence between 
simulancously recorded spike trains from single 
neurons in MT and LIP (0 to 300 ms afier 
stimulus onset). The coherence between the 
spikes elicited by MT and LIP_ neurons wi 
generally low but nonetheless significantly above 
zero (Student's # test, P< 0.1) in the gamma 
fioquency range for 34% of neuron pairs. The 
lower coherence between spike trains th 
between LFPS is expected, because any particular 
ssimpled pair of neurons has a low probability of 
being strongly connected, Nevertheless, the 
Spatial and feature-based attention” and “spatial 

conditions produced significant 
coherence (Fig. 4A). In contrast, there were 10 
cases of significant coberence in the “neutral” 
and “attention elsewhere” controls. 

If LIP has a top-down influence on MT 
responses during focal attention, then the phase 
of the coherence should show LIP leading MT. 
Figure 4B shows the phase when the coherence 
‘was significantly above zero, which occured 
only during the two attention conditions. The 
phase of the peak coherence showed the LIP 
preceding MT by 4.55 = 104 mis for the “spatial 
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and feature-based attention” condition and by 
743 © 2.02 ms for the “spatial attention” 
condition (mean = SE of the 34% of neuron 
pairs showing significant coherence). This phase 
relationship is physiologically plausible for 
feedback from the LIP to MT, assuming a 
‘conduction velocity of | m/s (23) for intracortical 
connections. To ensure that the coherence We 
saw was due to within-trial physiological 
interactions, we shifted, across time, the LIP 
spike train to the MT train by integer 
multiples of trials for each recording session and 
recalculated the coherence (Fig. 4C). This control 
abolished the attention-enhanced coherence. 

We next tested whether LIP spikes precede 
‘enough MT spikes to cause the increased MT ac- 
tivity during spatial attention. We observed a sig- 
nificant increase in the percentage of MT spikes 
preceded by LIP spikes in the spatial attention 
‘conditions compared with the “neutral” and 
“attention elsewhere” controls (Holm’s controlled 
Wilcoxon test, P< 005; Fig, 4D). The magnitude 
‘of this effect (percentage of MT spikes preceded 
by LIP spikes within 10 ms: spatial and featural 
attention, 11.5: spatial attention, 8.3%) could 
Potentially account fora substantial amount of the 
increase in MT activity (spatial and featur atten- 
tion, *14,0/%: spatial attention, 19.6%). However, 
4 greater inerease in LIP activity, relative to MT 
activity, could lead to the results in Fig, AD with 
‘out LIP feedback to MT. This possibility is dis 
‘counted by the finding of a sig 
the percentage of LIP spikes followe 
spikes with attention (Holm’s controlled! Wilcoxon 
test, P< 0.08; Fig, 4E), Both increased coberenice 
‘of oeillatory LFPs and LIP spikes preceding MT 
spikes in the attention conditions are evident in the 
ua from single trials (fig. S2). 

Synchronization between LIP neurons may 
be a fundamental mechanism ensuring that the 
‘output from LIP neurons has an increased impact 

ry areas such as MT, We calculated the 
spike-tickd coherence in LIP, which indicates the 
degiee of synchronization between spike times 
and the LEP. The mean spike-fiek! coherence 
between 25 and 45 Hz was significantly 
increased in the two spatial 
(Fig. 4F) compared to the 
cconirol (Holm’s controlled \ 
(0,05). This suggests that spb 
to spike rate, may be important for increased 
efficacy of attentional feedbac 

‘Our results show that LIP feedback can ac- 
‘count for attention-enhaniced MT responses. This 
feedback manifests in the coherent activities of 
LIP neurons within the gamma-ffequency 
to 45 Hz), supporting the role of gam- 
hronization in information processing 
(24-26). The phase of the observed coherence 
is such that LIP feedback can potentially ar- 
rive at MT during a depolarizing phase of 
membrane-potential oscillations, inereasing the 
probability of spike generation. Synchronization 


of feedback may also increase sensory activity 
during attention. 


The response of LIP neurons to the second location, was of the prefered or orthogonal ori- 
stimulus of preferred orientation depended upon entation. In MT neurons, however, there Wass no 
Whether the first stimulus, though at the same significant difference in response to the second 


Spatial attention 
Non-prefS1 on pref S2 


068 
04 
02 
0 
os 1 15 
Time(s) 
Population average 


‘Spatial & featural attention — 
‘Attention elsewhere — 


Neutral — 


Frequency (Hz) 


Fig. 3. Coherent neural activity between MT and LIP. The coherence (color-coded) of the MT LEP and LIP 
LEP from a pair of recording sites during the DMS task. The coherence was calculated in successive 300- 
ims windows with a step size of 50 ms. S2 is the preferred stimulus in the RF and is the same in each 
panel. (A) S1 and S2 match for location and orientation; (B) S1 and 2 match for location only; and 
(©) S1 and 2 differ in location. (D) Population average of the transformed coherence (20) between the 
[MT LEP and LIP LEP, 0 to 300 ms after stimulus onset (sold lines), and the control, where the LIP LEP was 
shifted relative to the MT LEP (dotted lines). 


A Coherence of spike trains 


fo MT and UP 
02- 
on 
0. 
30 4 80 
Frequency (Hz) 


S75 0 ws °S 7h 0 ws 
‘Time after LIP spike (ms) Time before MT spike (ms) = Frequency (Hz) 
Fig. 4. Synchronized LP feedback to MT during attention. (A) Coherence of spikes from a pair of LP and 
MT neurons, 0 to 300 ms after stimulus onset. Color coding as in Fig. 3D. (B) Phase of significant 
‘coherence betiveen the pair of neurons in (A). Only two traces are shown, because neither control showed 
‘significant coherence in the gamma range. (C) Relative shifts between spike trains by integer multiples of 
trials abolished attention-enhanced coherence; compare with (A). (D) Population median of the per- 
centage of MT spikes preceded by LIP spikes, in the 300 ms after stimulus onset. (E) Population median of 
the percentage of UP spikes followed by MT spikes, in the 300 ms after stimulus onset. (F) Population 
average of the transformed spike-field coherence in LIP (solid lines) Increased coherence is seen for the 
‘wo attention conditions in the gamma range. Shifting spike trains relative to the LFP in LIP abolished 
attention-enhanced coherence (dotted fines). 
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nulls between these two attention conditions. 
This is consistent with the idea that the parietal 
cortex uses both spatial and feature-based in- 
formation to determine purely spatial priorities 
for its feedback (18). Such a scheme provides a 
neural framework for “guided search” models of 
‘attention (3, /8) and is consistent with feedback 
to auditory and somatosensory systems (27, 28) 
‘being spatial, 

‘The dorsal and ventral cortical pathway’ are 
said 0 represent the spatial and feature-based 
aspects ofa visual scene, respectively, and LIP is 
pat of the dorsal pathway, However, the Feature 
seketivity shown by LIP neurons in our and 
‘other studies (29, 30) means that LIP could be 
involved in processing object features through 
its dineet conn with the ventral pathway 
(19, 27, 28) or by gating neuronal activity atthe 
level of VI via MT (/8, 19), The attentional 
modulation of activity in ventral cortical areas 
(2, Z)and even in VI (8 10, 12, 13) may have its 
‘origin in LIP as the gain controller, 
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a-Klotho as a Regulator of 
Calcium Homeostasis 
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Takeshi Nishio,” Takashi Uchiyama,* Toshihiko Fujimori,’ 


Yo-ichi Nabeshima™*t 


‘a-Kotho was identified as a gene associated with premature aging-tike phenotypes characterized 


by short lifespan, In 


ice, we found the molecular association of a-Klotho («-Kl) and Na* K*= 


adenosine triphosphatase (Na*,K*-ATPase) and provide evidence for an increase of abundance of 
Na‘ K*-ATPase at the plasma membrane. Low concentrations of extracellular free calcium ((Ca"*],) 
rapidly induce regulated parathyroid hormone (PTH) secretion in an w-Kl- and Na*,K*-ATPase— 
dependent manner. The increased Na* gradient created by Na*,K"-ATPase activity might drive the 
transepithelial transport of Ca®* in cooperation with fon channels and transporters in the 
choroid plexus and the kidney. Our findings reveal fundamental roles of «-Kl in the regulation 


of calcium metabolism. 


lotho mutant mice are short-lived, and 

K the gene responsible for the phenotype 
called Alotho (1). A homolog has 

also been identified and named eklotho (2. 3) 
To avoid confusion, we refer to the original 
gene as ceklotho. The a-klotha (aki) gene 
encodes @ type I membrane protein with 
considerable similarity to Brtlycosidase that is 
predominantly expressed in tissues that ane 
involved with calcium homeostasis; that és the 
‘parathyroid glands, kidney, and choroid plexus 
(4. 3) (supporting description 1). Although «-KI 
has been predicted to be present on the cell 
surface, large amounts of a-K1 are detectable in 
the cytoplasm and the ckaved extracellular 
domain is scereted into the blood and cerebro 
spinal fluid (CSF) (6). In this paper, we show a 
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pivotal cole of «-KI in calcium homeostasis 
(mouse breeding conditions are described in 
supporting description 2 and fig. SI, 

We identified the al subunit of Na’ 
ATPase («t1-Na’,K"-ATPase) as an a-KI bind 
protein (7) (supporting description 3) and 
further confined the binding by Westem blot 
analysis and with reciprocal immunoprecipita- 
1, A and B). a-KI precipitated by 
monoclonal antibody to a-Na*.K-ATPase con- 
tained proteins that migrated as two bands of 120 
and_ 135. KD, indicating that Na" K"-ATPase 
binds to o-KI regardless of its sugar moieties 
(Fig. 1B) (6). The B subunit of Na" K"-ATPase, 
Which has a major role in the regulation of 
membrane recruitment of Na",K"-ATPase (8), 
was included in the d-Kl-Na”.K”-ATPase 
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complex (Fig. 1B), These molecules also asso- 


ciated in mouse kidney and in human parathyroid 
sands (Fig, 1, C and D), 
In these tissues, the majority of «-KI immu 


noreactivity was detectable in the cytoplasm, 
‘whereas al-Na’,K*-ATPase immunoreactivity 
‘was observed al or near the cell surface and df= 
fuasely in the eytophism (fig. $2). We verified the 
above histological observations by the surfice 
biotinylation and subcellular fractionation usin 
the choroid plexus and the HeLa cells introduced 
‘with both a-KI and acl-Na’,K°-ATPase fused 
‘with enhanced green fluorescence protein (al- 
Na“.K"-ATPasc-EGEP), respectively, «-KI was 
primarily detected in the nonbiotinylated cyto- 
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plasmic fraction and not in the biotinylated cell 
face fraction, whereas al<and Bl-Na“.K*- 
ATPase were readily detectable in both frac 
tions (Fig. 1E), This demonstrated that a-KI 
binds to Na’,K"-ATPase in some intracellular 
‘organelle and not at the plasma membrane. The 


\were found in the endoplasmic reticulum (ER), 
Golgi apparatusplasma membrane (Golz+-PM), 
and early endosome (EE) fractions (Fig. 1F) (9). 


‘The 120KD pren 
solely in the E 


jure form of aK was found 
fraction, whereas the 13S-kD. 
mature a-K1 and «l-Na’,K"-ATPase-EGFP com- 
plexes accumulated in the EE and Golgi-PM 
fractions (6), We conclude that a subset of 
Na’,K"-ATPase appears to traffic from the ER 
to the cell surface in conjunction with a-KI and 
that a-KI-Na’,K’-ATPase complexes locate in 
ER and Gol 
fate in the 
ready for recruitment to the cell surface. 

We hypothesized that a-KI might directly 
aflgct Na’,K*-ATPase activity (supporting de 
scription 4 and fig. $3). Because the involve- 
ment of a-Klin 
sugested, we 
[Cay oul i 
tivity in the isola 


ning 
ike of "Rb, representing the 
\TPase, increased rapidly 
(within 3 few minutes), while decreasing in a 
high Ca?* solution (Fig. 2A). Consistent with the 
*6Rb uptake data, low Ca? media significantly 
increased the surface amount of Na“,K-ATPase 
(estimated by titiated-ouabain labeling) (12, 13), 


A choroid plexus 
betas 
Gok Mek aint 


Fig. 2. Interaction of u-KI with Na*,K*-ATPase. (A to D) Proteins were immunoprecipitated 
from lysates of (A) choroid plexi and (O) kidneys from cM" and Ht“ mice and (0) 
parathyroid glands from patients with monoclonal antibodies (mAbs) to aK (Mink, Rink12, 


and conversely were decreased in high Ca?* me- 
dia (Fig. 2B). This result demonstrates that 
Na“.K-ATPase activity is comelated with its 
amount on the cell surface, both of which re- 
spond to (Ca?']_ concentrations, Kading us to 
‘conclude that the shift of [Ca*"] triggers a rapid 
response that accumulates Na’ K"-ATPase at the 
plasma membrane. Next, we examined the in- 
volvement of a-KI in this system using ak/~ 
mice, The uptake of Rb and Ievels of surface 
Na’,K’-ATPase were not affected by the change 
in [Ca in a-k™ mice (Fig, 2, A and B). No- 
tably, the™*Rb uptake in aA” mice was always 
comparable to or somewhat lower than that in 
wikl-type (WT) high [Ca™"], the lowest level in 
WT mice. These indicate that a-K1is required for 
the rapid recruitment of Na".K"-ATPase to the 
cell surface in response to [Ca*"}. The amount of 
the coll surface Na.K"-ATPase of the extirpated 
choroid plexus im a-f™ mice was slightly but 
significantly lower than that in WT mice (Fig.2C), 
also indicating the involvement of a-KI in the 
transport of Na".K"-ATPase to the cell surfice. 
The 130-KD extracellular domain of a-KI is 
seereted into serum and cerebrospinal fluid 
(CSF), Thus, we investigated whether the secre- 
tion of «KI correlates with surface amounts of 
Na’,K"-ATPase. Incubation of isolated choroid 
plexi in butler containing a low [Ca increased 
secretion, whereas less secretion was observed in 
cells exposed to high [Ca] (Fig. 2D). In serial 
infusions with butlers fig. S4), higher amounts 
of a-KI were scereted into the vein of kidney in 
response to butler containing a low (Ca* and 
smaller amounts were detected in high Ca?” but 
for (Fig. 2E), Secretion of a-K1 was also induced 


‘and Rink107) and blotted with mAbs to «c1-Na*,K*-ATPase (a6F) or c-Kl (KM2076).(B) Ki 
‘was blotted with KM2076 in reciprocal immunoprecpiation using mAb to a-Na*,K*-ATPase 
(464.6) or polyclonal antibody (pAb) to 81 Na*,K*-ATPase. (E) Proteins from the choroid 
plexi were surface-biotinylated followed by separation with streptavidin-conjugated 
resin, Fractions were blotted with one of a series of antibodies (mAbs to calnexin, c-Kl, crl-Na*,K*-ATPase, and [s1-Na",K"-ATPase, and pAb to FGFR2). 
(NB, nonbinding fraction; B, fraction binding to streptavidin-conjugated resin). () Subcellular localization of a-Kl and Na*,K*-ATPase. (Left) Lysates of Hela 
cells were separated into ER, Golgi-PM, EE, and late endosome (LE) fractions on sucrose gradients, and proteins were blotted either with antibody to «Kt, 
EGFP, early endosome antigen 1 (EEAL), Golgi matrix 130 (GM130), or ribophorin1 antibodies. (Right) Analysis of «Kl coimmunoprecipitated with 


d-Na*,K*-ATPase-EGFP. 
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in response to low [Ca*. in the isolated para 
thyroid glands (Fig. 2F). These results suggest that 
sceretion of a-KI correlates with Ca?"<dependent 
accumulation of Na” K"-ATPase at the cell surface. 
Because administration of 4a-phorbol 12,13- 
didecanoate (4a-PDD) (14), a specific agonist of 
transient receptor potential vanniloid4 (TRPV4), 
induced a significam increase of the cell surfa 
expression of Na‘,K™-ATPase and secretion of 
«-K1 in the choroid plexi derived from WT, but 
not in plexi from a-k” mice (Fig, 2,G and H, 
‘supporting description 5, and fig. SSA), we trans- 
fected HeLa cells with plasmids encoding a-KI 
and TRPVS to explore the possible role of «KI 
in recruiting Na’.K"-ATPase (/5, 16), We the 
verified that both «KI and activation of TRPVS 
‘were required for the increase in abundance of 
Na.K’-ATPase at the plasma 
the correlated secretion of « 
experiments (Fig, 21) (supporting description 5), 
To investigate the response of PTH secre- 
tion to Tow [Ca?” }acnum (17) We administered a 
Ca®* chelating gel (Chelex, Biorad, Hercules, 
CA) to mice through intraperitoneal injection 
(fig. $6), The decrease in [Ca?” hem caused 
increased secretion of PTH into serum in WT 
mice (Pig, 3A). The increase in the serum PTH 
was much smaller in a-kl"~ mice (Fig. 3A), 
suggesting that a-KI has a role in promoting 
regulated secretion of PTH. Secretion of PTH 
‘was also increased in cultured thyroid and para- 
thyroid glands exposed to baller containing a 
low [Ca?"] (Fig. 3B). In glands fir 
mice, PTH secretion induced by low Ca? was 
detectable but only about 27% of that observed 
from WT glands (Fig. 3B). Ouabain, a specific 
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inhibitor of Na*,K~ATPase, inhibited the secre 
tion of PTH from WT glands (Fig, 3C), The 
\Was no significant effect of ouabain on Ca?” 
sensitive PTH secretion from a-k/”~ glands 
(Fig. 3C), which suggests that a-KI may be 
required for Na’,k”-ATPase-dependent PTH 
release. The amount of stored PTH of a-k~ 
mice was ~$3% that of WT mice (ig. S7). How- 
ever, the amount of responsive PTH secretion 
is validated within 0.33% of stored 

mice, whereas it is within 0.66% 


gether, we suggest that the reduced response of 
serum PTH in ak!” mive is largely caused by 
impairment of Na“K™ATPase-dependent secre- 
tion of PTH (fig. S7) (supporting description 6). 
Since the first repo of Brown, it has 
remained an open question bow Na",K™-ATPase 
activity responds to low Ca? in the parathyroid 
itlands (18). When [Ca?"]q is lowered, Na" K™ 
ATPase is quickly recruited to the plasma mem- 
‘brane in correlation with the secretion of «-KI 
ochemical gradient 


REPO! 


the regulated secretion of PTH is equivalent 
suppressed (Fig. 3C). In the choroid plexus, 
the importance of ¢-KI in Ca transport Was suiz- 
gested because (i) surface amounts of Na’,K™= 


RTS a 


ATPase in a-k/~ mice are lower than that of 


WT (Fig, 2C), (i consistent with this, the con- 
centration of total calcium in CSF ({Calesp) in 
ack mice was 23.6% lower than that of WT 
mice (Fig. 3D and fig. S8), and (ii) both surface 
K 
respond to lowering [Ca | 


in WT mice. These results sugyest that there 
should be sulficient amounts of stored PTH avail 
able for seeretion even in @-A/~ mice. Taken tor 


“ATPase may cause PTH 
pted cither by 
jency or by administration of ousbain, 


fig. $9), These results imply that calcium ho- 
meostasis is impaited in the CSF of a-Ad"" mice 
and suggest that «KI is involved in regulating 
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Fig. 2. [Ca®*],-dependent recruitment of Na*.K*-ATPase. 
Date ae ean /— sand deaton SO), Sbjct wre 
S-week-old male mice. (A) Na" K"ATPase-dependent "Rb 

uptake, (Na*,K"“ATPase activity was measured in butlers 
containing 0.625 mM (U), 1.25 mM (N), or 2.5 mM (H) Ca? 
using bilateral choroid plexi. Uptake for the L and N groups 
from «kl were significantly greater than that forthe LN, 
and H groups from ck" animals (P < 0.01, Dunnett's 
multiple comparison test) Asterisks indicate significant dif- 
ferences, (B) Ratios of tritiated ouabain bound to one lateral 


fee 


“tum ouabain bindingrato) 


choroid plexus after 4 min incubation with artifical CSF 2222 
(ACSF) containing various concentrations of Ca" (LN, H) to 44 e384 

that bound to the contralateral side after incubation with N 

ACSF. UN, ratio of binding in LACSF to that in N ACSE: HIN, ee ee 


ratio of binding in H ACSF to that in N.ACSE. NN (ratio of 
binding in N ACSF from both sides) was almost equal to 1, 
confirming the technical reliability. In c-Al™*, HIN ratio was 
significantly <1 and UN ratio was significantly >1 (asterisks, P< 0.01, tes, whereas both ratios in cH 
were cose to 1. (C) Amount of surface 1-Na" K"-ATPase in the ak?" and a-lf* mouse choroid plexi, 
Each fragment of the choroid plenus from the lateral ventricles was labeled with tritiated ouabain and 
‘counted, Surface c11-Na* K*-ATPase of c-k(* was significantly less than that of c-kl™* (asterisk, P < 0.05, 
Student's t-test). (D) Secretion of «-Kl from isolated choroid plexi of u-i{* incubated with ACSF containing 
the indicated [C2 for 4 min. at 37°C Supernatants of pled om two heads were loaded per lane. (© 
Secreted «i during infusion of kidneys. Each band represents secreted KI present in a 30-s fui fraction. 
(F) Secretion of u-Kl from the parathyroid gland. Dissected thyroid and parathyroid glands were incubated in 


We Mo 


low [Ca?*] (0.5 mM Ca?) and high [Ca**I (2.0 mit Ca*) buffers. The supernatants (sup) and precipitates (ppt) were analyzed by Wester blotting. (G) Agonist for 


TRPV4 (4a1-PDD) induces the Na’, K*-ATPase recruitment. Shown is ratio of ing of the lateral choroid plexi incubated in ACSF with 4u-PDD (10 j:M) 
{for 4 min to that of control plexi incubated without 4a-PDD. The ratio of binding in u-kI** was significantly >1 (asterisk, P < 0.01, t-test) but not in a-M. (H) c-KL 
secretion from isolated choroid plexi incubated in the ACSF containing dimethyl sulfoxide (DMSO), 5 jiM 4ca-PDD, o SuMt 4a-POD with 2 mit EGTA. Wester blots 
show proteins from «-k!**, supematants of plexi from two heads per lane; n = 4; representative samples are shown. (D Requirement of a-KI and TRPV4 for 
regulated accumulation of Na*,K"-ATPase. The activity and the surface amounts of endogenous Na*,X"-ATPase were estimated using HeLa cell introduced with c-KL 
‘and TRPV4 in various combinations with administration of DMSO or 4ur-PDD. 96-well study (n= 12). Two groups transfected with or without c-K! were independently 
normalized as ratios tothe average values in the absence of TRPV and 4«-PDD. Multiple comparisons show thatthe addition of TRPVA and its agonist significantly 
induced accumulation of Na*,K"-ATPase only in uké-transfected groups (asterisks, P < 0.01, Dunnett's tes). The amounts of secreted ci-K! from the cells were 
‘analyzed by Wester blot. WE, whole extract 
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| REPORTS 


the caleium concentration of CSF (supporting 
description 7) (ig. S10) 

The surface expression of Na‘ K”-ATPase is 
usualy controlled by the balance of recruitment 
to the plasma membrane and intemalization of 
Na“.K"-ATPase (the conventional recruitment) 
(19, 20), We presume that, in «-K expressing 
cxlls, Na’.K"-ATPase is recruited tothe cell sur 
face by a combination of the conventional re- 
cruitment and the a-KI-dependent recruitment. 
The latter is characterized by CaP" dependency 
and 3 rapid response (lig. S11). Under normo- 
calleemic conditions, a certain amount of Na", 
yy be additionally recruited by the 
aident pathway. Therefore, dhe amount 
K-ATPase in WT 
ly higher than that of a-A/ 
mice (Fig. 2, A and C). Low Ca” induces an 
11.9% inerease of the amount of Na“.K"-ATPase 
av the plasma membrane. In contrast, 
Jed to a 7.8% decrease in the amount 
ATPase at the plasma membrane ( 
Accondingly, [Ca?]_ regulates this additional 


mice 


accumulation of Na“.K"ATPase at the plasma 
membrane in correlation with the secretion of 
¢-K1, Ieading to PTH secretion and Ca™* transport 
across the epithelium (fig. S11) (supporting de- 
scription 7) (2D. By these means, KI partic- 
ipates in the increase of [Ca*"]_ in the calcium 
homeostasis regulatory network. As we reported, 
‘-K1 ako invokes a negative feedback system 10 
keep [Ca], within normal range (4). aK), in 
combination with fibroblast growth factor 23 
(Fyf23), down-regulates the production of 
1.25(OHD, by negatively regulating the expres- 
sion of le-hydroxyase encoding rate-limiting 
«enzyme of active vitamin D synthesis (4, 22-24), 
‘a-Kl may be involved in tis negative regulation 
because Urakawa ef al reported that (i) a-KI 
) «KI converts canonical 
FegfRiltle) to specific receptor for Fyf23, en- 
bling the high-affinity binding of Fef23 to the 
cell surface of distal convoluted tubule where 
Klis eypressed (23) (supporting description 8), 
aki mive show inereased production of 
Vitamin D, and altered mineral-ion homeostasis 
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Fig. 3. Role of u-Kl-Na*,K*-ATPase system in regulated PTH secretion and epithelial Ca°* transport. Data 


are mean +/— SD. Dunnett's test was used for multiple comparisons between individual 
‘Changes in serum levels of PTH after Chelex injection (1 ml slurry), in akt™* and a-kt 
‘caused significant elevation of PTH from 2 through 6 min in c-kl™ 


compared with control injection in a 


1°" and both Chelex and control injection in c-kI~™ (asterisks, P <0.03). (B) PTH secreted from dissected 
thyroid and parathyroid glands of ckl** and ack mice incubated in media containing 0.5 mM, 1.25 
mM, oF 2.0 mM Ca, PTH released into 0.5 mM Ca°* by ak “* was significantly greater than that in 1.25 
mM or 2 mM Ca** by a-kt*”* and in al concentrations in a-Hl~* from 10 through 30 min of incubation, 


‘except 0.5 mM of ca-kl~~ at 10 min (asterisks; P 


‘< 0.01). Alternatively, by multiple comparison within 


‘each genotype, the accumulation in 0.5 mM Ca°* was significantly greater than that in 1.25 and 2.0 mit 
Ca®* from 10 through 30 min (P < 0.05). (C) Inhibition of PTH secretion by ouabain under low Ca 
conditions. The accumulation of PTH in 0.5 mMt Ca"* of u-k!** is significantly greater than that in 1.25, 
mM Ca®* and 0.5 mM Ca°* with ouabain of a-kl** and all conditions of a-it“* from 10 through 30 
min P <0.01). In multiple comparisons within a-kt~", there was no significant difference between 0.5 
mM Ca"* with and without ouabain from 10 through 30 min (P > 0.50). (D) Calcium concentration in CSF 
‘or serum of a-ki™* and a-Ml~~ mice. There was a significant difference between two genotypes in CSF but 


not in serum (asterisk, P< 0.01, Student's test) 
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is suggested to be a cause of premature aging 
like phenotypes, because the lowering of vi 
min D activity. either by dictary rsriction (4) or 
fe/23 ablation (23, 25), rescues the premature 
aging-like phenotypes and prolongs survival in 
these mutants (26) (supporting description 8). 
‘Thus, our results and others indicate that a-KI 
influences calcium homeostasis, Ths effet can 
explain phenotypes observed in aki” mice and 
the reason that a-K1 is expressed in the tis 
related 10 calcium regulation, Th 
difleremt from the previously reported action of | 
«Kl to interfere with the insulin or insulin-like 
growth factor (IGF) signal transduction (27), The 
fundamental role of a-K1 ina multistep calcium 
homeostasis is further discussed in supporting 
description 9, 
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Wnt Induces LRP6 Signalosomes and 
Promotes Dishevelled-Dependent 
LRP6 Phosphorylation 


Josipa Bilic,* Ya-Lin Huang,” Gary Davidson, Timo Zimmermann,? Cristina-Maria Cruciat,* 


Mariann Bienz,? Christof Niehrs'* 


Multiple signaling pathways, including Wnt signaling, participate in animal development, stem cell 
biology, and human cancer, Although many components of the Wnt pathway have been identified, 
unresolved questions remain as to the mechanism by which Wnt binding to its receptors Frizzled 
and Low-density lipoprotein receptor—related protein 6 (LRP6) triggers downstream signaling 
events. With live imaging of vertebrate cells, we show that Wnt treatment quickly induces plasma 
membrane-associated LRP6 aggregates. LRP6 aggregates are phosphorylated and can be 
detergent-solubilized as ribosome-sized multiprotein complexes. Phospho-LRP6 aggregates contain 
Wnt-pathway components but no common vesicular traffic markers except caveolin. The scaffold 
protein Dishevelled (Dv) is required for LRP6 phosphorylation and aggregation. We propose 
that Wnts induce coclustering of receptors and Dvl in LRP6-signalosomes, which in turn triggers 
LRP6 phosphorylation to promote Axin recruitment and f-catenin stabilization. 


‘it signaling plays diverse wks during 
\ \ ] cemibyyonic developement sich as axis foe 
mation axl nervous system putcming, 


ana itis implicated in human discase, including 
cer (Jf), Wot ligands ane thought form a emary 
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Fig. 1. Wnt induces phospho-LRP6 aggregates. (A) Live cell imaging of 
HeLa cells transfected with ECFP-Axin (green) and LRP6-EYFP (ed) treated at 
ty with Wnt-conditioned medium. Arrows point to membrane-associated 
aggregates of both proteins (yellow) forming after 13 min of Wnt treatment. 
Individual frames from a movie (movie $1) are shown. (B) Immuno 


complex. with Jow-d 


related porcine $ and 6 (LRPS(6) and Frizzled (F2) 
rccgpvors (3). A key step after Wit stimulation is the 
LRP6 intracellular demain by 
«Kl 


ivaics LRPO and promores recruitment of 


phosphoey kition 
Cain kinse | ). This phosphorylation 
the negative regubstor Axin (6-4), which, in tum 
stabilizes the Wnt signaling 
Many apaxts of Wn 
plana manbrane renin chusive. For example. the 


sigma transduction at the 


‘mechanism that riggers LRP6 phosphorylation by 
CK ly is unknown, and itis unclear how Fz and the 
scaflold protein Dishevellad (Dv) (9-11) fit in 


tot. LRP6 


fluorescence of HeLa cells transfected with LRP6-EYFP and treated for 3 


hours with control (Con) or Wnt3a-conditioned medium. Scale bars indicate 
5 um, tot, total, (C) Tp1479 immunofluorescence staining of endogenous 
phospho-LRPé and Dut proteins in Xenopus animal caps treated for 30 min 
with control (Con) or Wnt3a-conditioned medium. “Magnified” shows un- 
merged and merged pictures of the white-boxed area. Hoechst-stained 


re blue; scale bar, 50 um, 
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To analyze LRP6 activation upon Wat stimu: 


lation, we used real-time confocal microscopy. Live 
cell imag 


i allows. a dynamic view of receptor 
activation to reveal spatiotemporal aspects that can 
not be visualized by methods su 


i biochemical 
analysis or immunofluorescence of fixed samples, 
The negative Wat regulator Axin is recruited t0 the 
phosphorylated cytoplasmic domain of LRP6 (12), 
We therefore transfected HeLa cells with enhanced! 


cyan fluorescent protein (ECFP)-Axin (green 
signal) and LRP¢ 
protcin (EYFP) (red signal) and monitored their 
localization simultancously. When the proteins 


enhanced yellow fluorescent 


overlap, yellow signals appear (Fig. 1A and movie 
SI), In unstimulated cells, Axin was localized in 
intracellular punctae, and LRP6 showed continuous 
No yellow 
signals were visible, indicating that the two proteins 


staining at the plasma membrane 
resided in different compautments. However, within 
1S min of Wnt twestmert, a sinall fraction of LPG 
Protein started coalescing into punctate structures at 


cr below the plasma membrane (fig. SUA), which 


colocalized with Axin and were therefore yellow 
As soon as yellow signals were observed, they 


transit 


were punctate in nature, with 


This 
sts that Axin is recruited to LRP6 when the 


4 continuous plasma membrane staining, 


receptor is aggregated. This is supported by bio- 


chemical analyses (se below), The number of 
the LRP6-Axin a aller 1 to 2 
hours, and once they formed they were quite 


stable over the course of 30 min, As seen in time 
space plots, neither LRPG nor Axin showed ex- 


tensive movements or further coaescenc 


her-onder structures (fig. SI, B and C). 


m LRP6 < 


Wnt3a 
He] 


Wni3a 


ping 


magnified 


Because Axin recruitment requires CKIy- detected discrete punctate signals at the plasma 
mediated phosphorylation of LRP6, we carried membrane, which colocalized with a small 
ut immunofluorescence with a phosphospecific fraction of total LRP6 (Fig. IB bottom), 


antibody. rweog 
(Ab-Tp1479) in the intracellular domain (7) of are also observed under physic 
LRP6, Ab-Tp1479 detected LRP6 phosphoryl in 
ation within 10 min of Wat stimulation in West 


izing phosphothreonine 1479 To test whether phospho-LRP6 


ical 


untransfected cells and in vive, we analyzed 
mbryes, which are 


LRP6-Tp1479 immu: 


animal caps of Xenopus 


Robu 


em blots, indicating that this is an immediate Wat-esponsive 


response (7). In unstimulated cells, Ab-Tp1479 _norcactivity was reproducibly induced within 30 
immunoreactivity was undetectable (Fig. 1B top), min of Wat treatment in the form of punctate 
In contrast, aller WniGa treatment, Ab-Tpl structures (Fig. 1C). These phospho-LRP6 


Fig. 2. Colocalization of phospho-LRP6 aggregates with Caveotin and Wnt pathway members, (A to E) 
HeLa cells were transfected with LRP6 and the indicated protein (green) and stained for phospho-LRP6 
(red), Cells were treated with Wnt3a-conditioned medium for 1 hour (A) or 3 hours (B to €), (F) Hela 
cells transfected with membrane-bound EYFP (green) and constitutively active LRP6LAEI-4) and 
stained for phospho-LRP6 (red). Note large cytoplasmic aggregates. Scale bar, 10 ym. 


Svedberg unit 60 40 


80 
es ¢ 


gates colocalized with Dv (see below), We 
conclude that phospho-LRP6 


under physiological conditions as a rapid re 
sponse to Wat stimulation, 

The results indicated that Wnt_ signaling 
induces large plasma membrane-asociated ag 
aes enriched in phosphorylated LRP, Axin, 
and Dvl. To firnher characterize phospho-LRP6 
aggregates, we performed colocalization 
with markers for vesicular taflic compartments, 
Occasional colocalization of Wat-induced 
ho-LRP6 
the fluid phase marker dextran Texas red (lig. 
S2A), whereas no colocalization was seen with 
xx markers of vesicular transport: TGN 38 
(Golgi), Calnexin (endoplasmic reticulum), EEAL 


Wes was observed with 


(carly endosome), or Clathin (endocytic vesicles) 
ig, $2). Partial colocalization of phospho-LRP6 


was observed with Caveolin within 


1 hour but not with 35-hour Wnt treatment (Fig 
2A and fig. S2, F and G), Caveolin 
marker of 


-aveolae, chokesterobtich invaginations, 

‘ofthe plasma membrane was recently shown to 

colocalize with LRP6 and to be required for Wat 
ad LRP6 endocytosis (13) 

In conast to most traflicking markers, cole 

of phospho-LRPO a 


ebserved with other components of the Wav 


caenin network, including F/X, glycogen synthesis 
kinase 3 (GSK3P), Dvl, and Axin (Fig, 2, Bw E). 
Very pronounced. phosphorylated 

ies were abserved in the eytoplasm of ells 

active LRP6 


Fractionno 1234567 69101112 
A D 
total LRP6 (FLAG) _— - Wnt3a 
Con 
FLAG-LRP6 
phospho-LRP6 u 
= FLAG-LRP6 
total LRP6 (FLAG) == phospho-LRP6 
Wni3a 
phospho-LRP6 . re Axin 
B csk33 =$=—-—a ITS 
total AE1-4 (FLAG) 12345 678910 
Input IP: FLAG-LRP6 
phospho AE1-4 
Fig. 3. LRP6 analysis in sucrose gradient sedimentation, (A to €) 
Sucrose gradient sedimentation analysis of Triton X-100 lysates. Total. 
GFP and phosphorylated (Tp1479) LRP6 amounts were analyzed by im- 
= munoblot. (A) HEK 293T cells were transfected with FLAG-HLRP6, 
bd Mesd, mFZ8, hAxin, and GSK3fs and treated with control (Con) of 
total LRP6 (T1479) he Wnt3a-conditioned medium for 3 hours. (B) HEK 293T cells were 
—- Con transfected with FLAGLRP6AE1-4 and GFP. (Q MEFs were treated 
phospho-LRP6 [jj 4 bho with control (Con) or Wnt3a-conditioned medium for 1 hour. (D) 
- Immunoprecipitation (IP) of FLAG-LRP6 from the indicated pooled 
total LRP6 (T1479) ald a sucrose gradient fractions [experiment in (A)] and detection of co- 
Wot3a — immunoprecipitated Axin and GSK3}s by immunoblot. Asterisk marks 
phospho-LRP6 is - oe 4 unspecific band; white asterisk indicates a staining artifact. 
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(fig. S2H) without Wat stimulation 
sugzests that LRPOAEI-+ clusters even without 
Wat. Watdependent colocalization was also 
observed tor endogenous LRP6 and DyI2 and 
Asin in P19 cals (fi S3A), thus comobevating ¢o- 
agaregation observed for Xenopus LRPG and Dy2 

IC), We conclude that phospho-LRP6 
cgates epresent specialized compartments that 
assemble components of the Wat and eatenin 
pathway. This compartment is associated with the 
plasm membrane, panially positive for Caveolin, 

devoid of Mu phase maker. 

alyze phospho-LRP6 agurevates. bio- 
ly, we solubilized the complexes in de- 


(Fig 


and unstimulated cells, total LRP6 showed 
atively discrete peak, cosedimenting appro 
With thyroglobulin (670 KD, 198) (Fig. 3A). In 
contrast, in Wntstimulated cells about half of 
phospho-LRPG was “tiling” into much heavier 
factions ( 1s the ribo 
some ony litte phospho-LRPS was 
detectable in unstimulated cell lysates. Constiu- 
tively active LRPA 
high- molecular weight (MW) enriches 
phospho-LRPO, despite its four times lower MW 
(Fig. 38). This indiestes that LRP6AE14 under- 
goes strong selEageregation without Wat stimuk- 
tion, In contrast, cotransfected green fluorescent 
protein (GFP) was never detected in high MW 
rately overexposed 


wh 
mately 


finctions, even in a dell 


munoblot Fig. 3B). 


A Drosophila S2 cells 


dsRNA: g? ge > 
Wnt3a: = + + 


170- i i fs 


Endogenous phespho-LRP6 in nontrans- 
fected mouse embryonic fibroblasts (MEFs) 
was also detectable in fractions 3 to 7 in a Ws 
dependent manncr (Fig. 3C), comoborat 
this is not an overexpression artefact. The weaker 

a in this case, as well asthe observed hetero 
ity of phospho-LRP6 ageregates, may be 
due to their instability, for example, because of 
partial dephosphorylation andor 

the biochemical 

Axin and GSK3B were cosedim 
pphospho-LRP6 in heavy fractions independent of 
Wot treatment (fig. $4). Dvl2, despite its ability 
to readily form large intracellular polymers 
(14,15), eas found in the ight trations (f 
supporting the idea that these polyn i 
dynamic, shortdived, and hence unstable 
Iysates [soe below and (/6)] 

i n that LRP6, Axin, and GSK3B not 
‘only cosediment but are in a complex, we carried 
mmunepeecipitations from pooled fractions 

i. 3D). This analysis 


Of the sucrose gradient ( 
showed that, whereas Axin is present 


phospho-LRP6-containing fractions (fig. $4), it 
is complexed only to the ageregated LRP6 form 
(fractions 3 to S) and only afler Wnt stimulation 


e6 to lane 7), Also, GSK3p is bound 
preferentially 40 ad LRPO, 

These dita with detergent-solubilized cell ly 
sates indicate (i) that LRP6 aggregation is ac 
‘companied by its phosphorylation at T1479, (iy 
that the microscopically observed phospbo-L RPG 
ies are not the result of cotrapping of 


(compare 


MEF cells 


c tot. LRP 


LRP6 Wnt Fz 


ae; 


Fig. 
of transected LRPG from Drosophila S2R+ cells and endogenous LRP6 and Dvi2 from MEF, 
treated with dsh dSRNA and di1/23 SiRNAS, respectively. (B) HeLa cells were transfected with 
LRP6-EYFP, dominant negative dd mutants Mt and M2, or dominant negative CK1y1"™ and analyzed by immunofluorescence microscopy for phospho-LRP6 aggregates. 


Wat pathway components ina cargo vesicle (17, 
18, 13) but that they represent high-MW protein 
complexes, (i) that constitutive activation of 
LRPO (AEI-4) is accompanied by spontancous 
ion, and (i) that Axin and GSK3B are 
preferentially associated with aggregated LRPS, 
Dal isa component ofthe Wat patyway that is 
abo known to oligomeriae and to occur in punctate 
structures (74,19, 15), Recent suis (20, 16) dem 
casted that Dv can polymerize and form large 
roti assemblics that are highly dynamic, short 
lived, and evenible, reminiscent of the LRP6 
aguregates described here. We observed that eng: 
Del? forms membrane-esocated agrees 
3B), similar to 
LRP6, Thisisan impotant observation, because Dvl 
ppunctic tend to be dismissed as an unphysiological 
response duc to overexpression (2/). 
In fight ofthese and previous findings (22) and 
‘our observation that endogenous DvI2 ana activate 
LRP6 reside in a commen protin assembly, we 


phosph 
knockdon 


in MEFs, respective 
Phosphorylation at the CK1y site T1479 (Fig. 4). 
‘Similarly, dominant negative Dv mutants MI and 
M2, which block both self 


LRP6 phosphorylation (fi 
phospho-LRP6 aggreg 
determined by immunofluorescence (Fig. 4B). 


Ela 


cK 


Mi +M2 
Whida eo 


~ $993 


Dsh’Di is required for LRP6 phosphorylation and aggregate formation, (A) Immunoblot 


Cells posie for EYFP were scored for phospho-LRP6 staining, Ear bas inate standard deviation ofthe mean; n = 3 experiment. () Immunofluorescenceof Hela cells 
transfected with LRP6-EYFP and dominant negative CK1y1"", treated with Wnt3a-conditioned medium and stained with Ab Tp1479. LRP6-EYFP (tot. LRP6) and phospho- 
LRP6 are shown. Note Wnt induced LRP6 aogregates (arrowheads and higher-magnifiation insets), which are nonphosphoryated. (D) LRP6-signalosome model. Wht 
bridge LRP6 and Fz transmembrane receptors and promote recruitment of polymers of Dv which binds Fz. Dv and Axin co-polymerize LRP6, which induces receptor 
phosphorylation by CK1y. Arn sequestration in LRP6-signalosomes may block GSK3}3 phosphoryation of f-<atenin leading to f-catenn accumulation. Other components 
of the Wt pathway, such as GSK3B and adenomatous polyposés coli (APC), are Gkely components ofthe LRP6-signalosome but not shown for cay 
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‘The scaffold protein Dvl was previously thought 
to act downstream of LRP6 because dd over 
‘expression activates 6-catenin signaling in Drosoph- 
ila LRP6 (arrow) mutants (23) and because the 
constitutively active DE2-Amow fasion proicin is 
inactive in dh mutants (24), The explanation fr this 
discrepancy may be that overexpressing Dah Dvt 
leads to anificial sequestration of Axin or that the 
protein bus multipfefianctons inthe Wt pathway. 
‘Taken together, the results sugzest that Dv- 
mediated co-ageregation triggers LRP6. phos- 
phorylation by CK 1. In this model (Fig. 4D), 
upon Wnt signaling Dvl ageregates form at the 
plasma membrane, where they co-cluster LRP6 
with other pathway components including Fz, 
Axin, and GSK3B, in a “LRP6-signalosome.” 
The role of Wnt would be to bridge LRP and 
Fx (25, 5), which copolymerize on a Dv plat- 
form. Clustering of LRP6 then provides a high 
Jocal receptor concentration that triggers: phos- 
phorylation by Ck ty and Axin recruitment, 
Pratictions of this modal are as follows (i) 
aniticial oligomerization of LRIW should activate 
the receptor and (i) oligomerizad LRPO should 
signal independent of DvL Indeed, forced oligo 
merization of LRP6 using a synthetic mulkimerizer 
is sulficiemt to induce Wnt signaling, and this 
oligomerization bypasses the neod for Dvt (25), 
(ii) Constiutively active LRP6 should signal 
independently of Dvt because its selfagereyation 
shoal! bypass the need for Dut polymers. This is 


ao the case as shown in reporter assays with Dif 
SIRNA knockdown (fiz. SS, B and ©, which 
supports previous findings (26, 25). (iv) IF LRG 
agergation is a prerequisite for phesphorylation 
bby CKly rather than its consequence, LRPG 
‘ageregates should form even when the kinase is 
blocked This i the case: Nonphosphorylated 
LRP6 aggregates were observed in response to 
Wot tratment in cells transfected with dominant- 
negative CK (Fig, 4C). The model of LRP6- 
ssignalesomes not only provides a mechanism 
for Wot signal transduction but may also be 
relevant for the understanding of intracellular 
transport of maternal Wat determinants in the 
fertilized Xenopus eee (27) 
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Neural Responses to Taxation and 
Voluntary Giving Reveal Motives 
for Charitable Donations 


‘William T, Harbaugh,*?* Ulrich Mayr,’* Daniel R. Burghart® 


Civil societies function because people pay taxes and make charitable contributions to provide 


public goods. One possible motive for charitable contri 


tions, called “pure altruism,” is satisfied 


by increases in the public good no matter the source or intent. Another possible motive, “warm 


glow, 


is only fulfilled by an individual's own voluntary donations. Consistent with pure altruism, 


we find that even mandatory, tax-like transfers to a charity elicit neural activity in areas linked to 
reward processing. Moreover, neural responses to the charity's financial gains predict voluntary 
giving. However, consistent with warm glow, neural activity further increases when people make 
transfers voluntarily. Both pure altruism and warm-glow motives appear to determine the hedonic 
consequences of financial transfers to the public good. 


‘mechanisms used to fund them vary. For 

example, taxation and government spending 
‘are lower inthe United States than in most European 
countries, but philanthropy is higher (/). To 
economists, this charitable giving is a puzzle: 
Money isa wood. so why are people wiling to give 
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E= society needs public goods, but the 
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it away? One possible explanation is in terms of a 
“pare alts” mative (2). Individuals with such a 
motive receive satisfaction from increases ina 
public good, such asthe provision of basic services 
to the newly. This altmistic cancem provides a 
motive to give, but there sao an incentive to keep 
money for oneself, because the cost of such charity 
is catirey paid by the wiver, whereas the benefits are 
spread out overall those people who care about the 
neady. Only those people with a very large pure 
aliuisn motive would give voluntarily, and tation 
is the normal social solution to the resulting free. 
siding. Pure aliism implies that people shoukl get 


some sitisfiction even when public: goods are 
supplied through mandatory taxation, because, by 
this account, peop: care only about wv much of 
the public goed is provided and not about the 
process by which the transfer occurs. A. secon! 
‘eesible motive for charitable giving is the sense of 
agency associated with the act of voluntary giving. 
This reward from giving has boon temmed “want 
slow” G4). If givers wore driven exclusively by 
the warm-glow motive, they should derive satin 
tion fiom making a voluntary gif er than fom 
the increase inthe level ofthe public good itself; On 
the ether hang, taxation should not produce a war 
alow, because paying taxes typically does not 
invohe a voluntary choice. 

‘The distinction between pure altruism ann! warm 
glow motives for giving is important for several 
reasons Fins, if giving is motivated by purealtruism, 
iavfimded govemment experntitires to provide a 
public good! will reduce private giving, potentially 
dollar for dollar, as people cut their voluntary con- 
tributions in response to these higher txes (9), There 
should be no similar eflect with wann-glow givers, 
as their benefit derives ffom the amount of tei gt 
Second, a wamn-glow motive for anism prow ides 
an argument in favor of policies that encourage 
voluntay giving, because the wam-ukow benefit 
‘provides a reward 1 the giver thit excaeds the ben- 
‘ft fom paying an equivalent amount in taxes (6). 

Neural evidence may help clarify the relative 
Importance of pure altuism and warm-glow mo- 
lives for charitable giving, Although there is 
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considerable evidence linking neural activity in 
‘the ventral striatum and the insulae 10 the pro- 
cessing of eonerete rewards such as money, food, 
and drugs, less is known about how the brain 
[processes more abstract rewards such as those 
‘ofien provided by public goods, For money, ac 
tivity in the ventral striatum increases as people 


Neural responses in the ventral striatum and insu- 
Jae to information about products and their prices, 
also predict purchase decisions (9). This work 
supports the theory that these arcas provide 
information on the relative rewards of different 
‘outcomes, which serve as an input to decisions 
about consumption and tradeotls reganding risk 


anticipate increases in payols and when they 
‘unexpected increases in payofls 


and money (/0). Other studies have shown that 
activity in the ventral striatum and the insulae is 


A ‘Reveal 

saat 
and $ amounts: 

tase cial ve 


males using functional magnetic resonance im- 
aging (IMR) while they were presented with 
transfers that affected their own account (starting 
‘amount, $100) and the account ofa local charity, 
Half the transfers were mandatory, to resemble 
taxation; the other half were voluntary. We ex- 
plained that the experimenters would not know 
their choices and that one mandatory and one 
voluntary transfer would be randomly chosen 
‘and implemented after the experiment. Events 
for each trial occurred as presented in the time 
line, details are in the supporting online material 
(16). After a 1-5 fixation dot, the screen revealed 
whether this trials transfer was mandatory or voluntary, as well as the dollar amount change to the 
accounts of the subject and the charity. Aer 95, two vertically aligned labels were added in the lower 
portion of the screen, specifying the vertically aligned buttons on a response box. For mandatory 
transfers, one ofthe labels read “acknowledge” and the other “invalid button.” For voluntary transfers, 
‘one of the labels read “accept” and the other “reject.” Label positions varied randomly from trial to trial. 
Immediately after the subject's response, a four-point satisfaction rating scale was shown, to which 
‘subjects responded by pressing one of four laterally oriented keys on the button box. The rating scale 
disappeared after 6 s, and there was a blank screen for an intertrial period that was randomly jittered 
between 6, 7, and 8s. (B) Study design. The cells show the dollar transfers, Each design cell was im- 
plemented three times as a mandatory transfer and three times as a voluntary decision. Orange cells 
indicate pure gains to the subject; green cells indicate pure gains to the charity. These pure-gain design 
cells from the mandatory condition were used to predict voluntary giving in the purple cells, where there 
was a tradeoff between the subject and the charity (see Fig. 4, A and B), 


Fig. 2. (A) Subjects’ choices 
during voluntary transfers as aca 
2 function of payoffs to the 
subject and the charity. Many 
transfers that were costly to 
the subject but benefited the 
‘charity were accepted, and the 
rate of acceptance increased 
{a the cost of making a given 
transfer declined, (B) Sub- i 
iets é 
bee seen cere § 0S 15$ 308 45 OS 15S 308 458 
subject and the charity, as pectathat steed sesame dalpend 
‘wellas the voluntary- mandatory factor. Subjective satisfaction increased as transfers increased and costs 
decreased and was higher in the voluntary (slid lines) than in the mandatory conditions (dashed lines). 


8 a 


Fig. 3. Neural response in the ventral 
striatum to mandatory payoffs for the sub- 
ject (yellow), the charity (blue), and both 
(areen). 


SCIENCE VOL316 


www. sciencemag.ore 


REPORTS. g 


conelated with more abstract rewards, including 
social rewards such as punishing unfair players in 
sharing games (1/), voluntary contributions 0 
chatities ( and decisions to trust others 
(U4, 15), These results motivate our focus 6 
Ventral striatum and the insulse, 

To test for the pure altnism and wann-klow 
motives, we used functional magnetic resonan 
imaging while subjects played a dictator game. 
Subjects received $100 and then made decisions 
bout whether or not to give money to a local 
food bank. They also observed mandatory, tax- 
like transfers of their money to the food bank 
(Fig. 1, A and B) (/6). The behavioral results 
this experiment are consistent with economic 
theory and are similar to those reported in earlier 
economic experiments (/7-19), As shown 
2A, increases in the amounts going to the charity 
and decreases in the cost to the giver both in- 
creasad the likelihood! that a voluntary transfer 
‘was accepted, Self-reported satisfaction with the 
transaction followed the same patter in both the 
Voluntary and the mandatory conditions (Fig. 2B), 

‘To investigate the neural activity associated with 
pure aluism, we used dita fom the mandatory 
tncatments, which involved exogenous changes in 
saibjoct and charity payofls Contrasts of parameter 
cotimates (Fig. 3) show that axtivation in very 
similar areas of the ventral striatum increased with 
the monctary puyol to both the subject 
charity. Regression analyses 10 explain activation 
dita extracted fiom anatomical regions of interest 
(ROIs) show the same result (table $4) (76). This is 
the fint evidence we know of demonstrating that 
mandatory taxation for a good cause can proxhice 
setivation in specific brain areas that have: en td 
40 concrete, individualistic rewards, 

The pure altruism model prediets that people 
‘who highly value inereases in the chatty’ payor, 
relative tthe value they phice on getting money 
for themselves, will be more likely to give, The 
evidence economists have typically used to support 
this model has been indirect: Re 
been inferred from observed decisions 
experiment allowed us to observe brain activation, 
in areas known to respond to rewards, as we varied 
) the money the 
chatity received. This provides a direct test of the 
model: Do acrosssubject differences. in neu 
responses to subject and charity puyotls predict 
‘who is more likely to give to the charity? 

We are able to address this question out of 
treatment by using neural responses in. those 
“pure” mandatory conditions where only the 
subject or only the charity got money (orange and 
sscen cells, respectively, in Fig. 1B), These re- 
sponses potentially serve as an indicator of how 
‘much subjects valued money for themselves and 
for the charity. In fact, regression coefficients 
show that subjects with larger activation re- 
sponses to money for themselves were less likely 
to give to the charity (black columns in Fig. 4A), 
and subjects with langer activation responses to 
money for the charity were more likely to give 
(eray columns in Fig. 4). To illustrate this rela 
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tionship graphically, in Fig, 4B we ploted in- 
dividual acceptance rates against the difference 
between the neural response to pure charity gains 


= 10) and “ezoists” (7 = 9) de- 
pending on whether they had a larger neural 
response to the charity's payoff or to their own 
payoll: Altruists gave money nearly twice as 
fotien as egoists (58% versus 31%, P = 0015). 
This supports the existence of a purely aliuistic 
motive: The larger a person's neural response t0 
increases in the public good, no matter the 
source, the more likely they will give voluntarily 

How then is voluntary giving different from 
take transfers? Reported satisfaction ratings 
\were about 10% higher for voluntary than for the 
mandatory transfers (P< 0.01, see Fig. 2B and 
table $2) (6), The neural evidence shows a sim- 
ilar result; 1 tests indicate higher activation in 
the caudate (let, P= OO15; right, P= 0.004): the 
Fight nucleus accumbens (P= 0.01), and the 
insulae (eft, P= 0,063: right, 075) in the « 
‘of voluntary transfers (table $4) (16). 

Of course, these results might simply reflect 
the basic economic principle that adding choices 
‘cannot make the decision-maker worse off, This 
lows because a person who likes the payot in 
given mandatory transfercan always obtain that 
‘same result in the corresponding voluntary con- 
dition by accepting the transfer. However, ifthe 
subject does not like the proposed transfer, ony 
the voluntary conditions give them the option of 
rojecting it and keeping the money, Overall, $5% 
‘ofthe voluntary transfers that involved a subjoet’s 
iziving up money to the charity (purple cells in 
1B) were rejected. This led to an inerease in 
the expected payor t0 the individual of S13 or 
334%, anda decrease in the expected payor to the 
charity of $7 or 10% relative to the mandatory 
‘condition, So, although the opportunity for free 


Fig. 4. (A) Predicting giving from ac- 
tivations in. mandatory “pure-gain” con- 
ditions, We created measures of neural 
activation in response to “pure subject 
‘gain” and “pure charity gain” by averag- 
‘ng activation from the mandatory con- 
ditions where the subject received money 
at no cost to the charity and where the 
charity received money at no cost to the 
subject (orange and green cells, respec- 
tively, in Fig, 1B). We used these two sets 
‘of activations as independent predictors of 
the average acceptance rate in the nine 
design cells involving a tradeoff (purple 
cells in Fig, 1B). The figure shows stan- 
dardized probit regression coefficients from 
‘models including subject and charity stakes 
as control variables and neural response to 


pure subject gains and pure charity gains as independent predictors. The 
dashed lines indicate P = 0.05 significance. Higher response to pure sub- 
ject gain was consistently associated with less giving. Higher response to 
‘was consistently associated with more giving. Co- 
efficients for individual predictors were reliable in seven out of 12 cases. 
(B) Differences in activation predict giving. As an overall measure, we 


pure charity gait 


choice means higher activation inthe caudate, the 
left nucleus accumbens, and the insulae, as well 
as higher payolls tothe individual, it reduced the 
level of funding for the public good, 

‘An important question, then, isto what degree 
the observed higher activation comes fiom the 
ability to make a choice and to what extent itresults 
from the differences in payofls from that choice. 
We looked again at the differences in activation 
and satisfaction ratings between the mandatory and 
voluntary conditions, but this time controlling for 
the consequences of rejection by replacing these 
payolT changes with SO, The voluntary-mandatory 
activation difference remained reliable for the 
caudate (lef, P= 0.023; right, P= 0011) and the 
right nucleus accumbens (P= 0.042), evn aller we 
controlled for payotls (table $6) (16), Also, 
reported satisfiction was higher for voluntary than 
formandaiory tansfersafter controling fer payotls 
(P< 00068 for the complete design: P< 0.001 
using the eels involving tradeofls, purple in 
1B). The pure altruism motive for giving, alee 
With the story about adding choices described 
above, would imply that there shouk! be no 
mmandstory-voluntary differences afler controling 
forthe payoff effects. Thus, our results suggest that 
‘both the inreased payoots and the ability to choose 
lead to increased neural activity ana satisfaction, 

Previous results have demonstrated that ac- 
tivity in the areas we examined is tanger when 
rewant can be linked to one’s own actions rather 
than to extrancous factors (2/-24), Our results 
extend these findings about the role of agency in 
rewand-processing 10 the important situation in- 
volving a choice between the subject's private 
payoff and the public good, What is not clear 
from earlier reports is whether agency-tinked 
modulation of reward activity is actually asso- 

jad with a modulation of hedonic value. Our 
study shows that nicural activity in the caudate 
and right nuckeus accumbens, as well as subjec- 


tive satisfaction, is larger in the voluntary than in 
the mandatory situation, The fact that this effect 
persists even after controlling for payofls sup- 
ports the warm-zlow theory of giving (3). 

In summary, we find that three very different 
things -monctary payolls to oneself observing 
chanty get money, anda warm-glow effect related 
to five choice—all activate similar neural sub 
strates. This result supports arguments for a 
common “neural cumeney” of reward (25-29) 
and shows that this model can be applied not just 
to choice over money, risk, and priva 
sumption goods, but also to more abstract 
choices involving taxation and charitable 
(22), Our results are also important for un- 
derstanding why people give money to charitable 
‘organizations. Firs, these transfers are associated 
\ith nural activation similar to that which comes 
from receiving money for oneself. The fact that 
mandatory transfers to a charity elicit activity in 
rowand-related areas suggests that even mandatory 
‘taxation can produce satisfaction for taxpayers. A 
better understanding of the conditions under 
Which uxation elicits “neural rewards” oul 
prove useful for evaluating the desirability of 
dlifleremt tax policies. Second, we show that the 
‘opportunity for fice choice is associated with 
increas activity in regions implicated in process- 
ing rewards, ax well as with higher reported 
satisfaction, Furthermore, this effect isnot entirely 
accounted for by increased payol, In the context 
‘of charitable giving. this choive-elated benefit is 
consistent with a wame-glow motive for giving. 

In combination, these results suggest that 
both pure altruism and warm glow are important 
motives for charitable giving. Future work may 
reveal whether the free-choice effet found here 
‘extends to other situations, and under which con- 
ditions taxation elicits “neural” rewards, A related 
question is whether people who vote for a ax to 
provide a public good get a warmlow benefit 
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27%, P = 0.02). 
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‘Actration to charty gains minus activation to subject gains 


averaged the neural activation measures across all six brain areas and 
‘computed the difference between neural responses to the charity's pure 
gains and the neural responses to the subject's pure gains (orange and 
‘green cells in Fig. 28). Giving increased as the neural response to pure 
charity gains outweighed the neural response to pure subject gains (R? = 
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Last, public goods by their very nature are seldom 
traded in markets, and so we cannot observe the 
prices people will pay and then use these 10 
measure value. The finding that neural activity 
predicts voluntary donations suxgests that such 
activity could eventually help measure values and 
determine optimal levels of public goods. 
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Sequence Finishing and 
Mapping of Drosophila 
melanogaster Heterochromatin 


Roger A. Hoskins,"* Joseph W. Carlson,** Cameron Kennedy,” David Acevedo,” 
‘Martha Evans-Holm,* Erwin Frise,? Kenneth H. Wan,* Soo Park,> Maria Mendez-Lago,? 
Fabrizio Rossi, Alfredo Villasante,? Patrizio Dimitri? Gary H. Karpen,™* Susan E, Celniker*t 


Genome sequences for most metazoans and plants are incomplete because of the presence of 
repeated DNA in the heterochromatin. The heterochromatic regions of Drosophila melanogaster 
contain 20 million bases (Mb) of sequence amenable to mapping, sequence assembly, and 
finishing. We describe the generation of 15 Mb of finished or improved heterochromatic sequence 
with the use of available clone resources and assembly methods. We also constructed a bacterial 
artificial chromosome-—based physical map that spans 13 Mb of the pericentromeric 
heterochromatin and a cytogenetic map that positions 11 Mb in specific chromosomal locations. 
‘We have approached a complete assembly and mapping of the nonsatellite component of 
Drosophila heterochromatin. The strategy we describe is also applicable to generating substantially 
more information about heterochromatin in other species, including humans. 


‘eterochromatin is a major component of 
Horses reese. 

20% of the human genome) that reeu- 
lates chromosome segregation, nuclear organiza 
tion, and gene expression (J-4). A. thorough 
description of the sequence and organization of 
heterochromatin is necessary for understanding 
the essential functions encoded within this region 
‘of the genome. However, difficulties in cloning, 
mapping. and assembling regions rich in repeti- 
Jements have hindered the genomic analysis 
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‘of heterochromatin (5-7). The fiuit fly Drosopl- 
ia melanogaster is 4 model for heterochromatin 
studies. About one-thin! of the genome is con- 
sidered heterochromatic and is concentrated in 
the pericentromeric and telomeric regions of 
chromosomes (X. 2,3. 4,and ¥)(5. 8). The 
heterochromatin contains tandemly repeated sim- 
pple sequences (including satellite DNAS) (9). 
middle repetitive elements [sich as transposable 
elements (TEs) and ribosomal DNA}, and some 
single-copy DNA (10). 

“The whok- genome shotgun sequence (WG 
was the foundation for finishing and mapping 
heterochromatic sequences and for elucidating 
the organization and composition of the nonsat- 
ellite DNA in Drosophila heterochromatin (5,6). 
WGS3 is an excellent assembly of the Dro- 
sophila euchromatic sequence, but it has lower 
contiguity and quality in the repeat-rich hetero 
chromatin. We undertook a retrospective analysis 
ofthese WGS3 scaffolds (1). Moderately repeti- 
tive sequences, such as transposable elements, 
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are well represented in WGS clones and sequence 
reads, but they tend to be assembled into shorter 
scaffolds with many gaps and low-quality regions 
because of the difficulty of accurately assigning 
data to a specific copy of a repeat. The typical 
WG heterochromatic scaffold is smaller [for 
‘scaffolds mapped to an arm, NSO ranged fiom 4 to 
3S kb (//)] than a typical WGS euchromatic 
scaffold (NSO = 13.9 Mb) (5), Relative to the 
‘cuchiromatic seaffolds, the WGS3 heterochromatic 
scaflokls have 5.8 times as many sequence gaps 
per Mb as well as lower sequence quiity 

‘To produce the Release 5 sequence, we iden- 
tified a set of 10-kb genomic clones from a i- 
brary representing 15» lone coverage by paired 
‘end reads (mite pairs) and used this set as tem- 
plates to fill small gaps andl improve low-quality 
regions (/7), Higher-level sequence assembly 
into Mb-sized linked! scaffolds used relationships 
determined from bacterial anificial chromosome 
(BAC) based sequence tag site (STS) physical 
mapping (see below) and BAC end sequences, In 
addition to the WGS data, we inco a 


‘of the euchromatin sequencing effort (5, 10) 

nishing resulted in fewer gaps, 
longer scaffolds, and higher-quality. seque 
relative to WGS3 (fig. SL). About 1S Mb of this 
sequence has been finished or improved, snd 
30% of the sequence is now in scaffolds greater 
than 378 kb (NSO). Table 1 summarizes. the 
Release $ sequence statistics by chromosome 
arm. Improved sequence was generated for 145 
WGSS scaffolds, and a set of 90 new scaffolds 
were produced by joining or filing 69 


folds. The relationships between the 
scaffolds and the Release 5 scaffolds ca 
plex (Fig. 1 and figs. $2 to $7: for example, there 
were eight eases in which small seaffolds were 
used to fill gaps within larger scaffolds, and two 
scaffolds whose gaps interdigitated, As expected, 
the sequence consists largely of nests of frag- 
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mented TEs, and most remaining gaps are 
bounded by TEs or simple sequence repeats, in- 
cluding simple repeats not previously described 
(Fig. 2). The quality of the improved sequence 
\was measured by calculating the estimated error 
rates within 10-Kb sliding windows (overlapping 


bby 3 kb) on the consensus sequences (//). For all 
‘but 11 of 1832 10-Kb regions not overlapping one 
‘ofthe known TEs, the estimated errr rate is less 
than 1 per 17,986 base pairs (bp), well below the 
accepted standard for finished genomic sequence 
of L error per 10,000 bp. 


Fig. 1. Comparison of WGS scaffolds tothe corresponding Release 5 scaffold. WGS scaffolds (gray, 


same orientati 


tan, opposite orientation) are diagrammed above the Release 5 scaffold (blue). 


Sequence gaps (thin horizontal lines) in WGS scaffolds are indicated. 


Table 2, Status of Release 5. Sequence statistics for the chromosomes are 
divided into regions contiguous with the euchromatic arm sequences (e.g. 
Xh) and regions mapped cytologically to those chromosome arms but not 


Concurent with the sequence-finshing et 
fort, we constructed an integrated physical and 
eytogenetic map to describe the overall structure 
of the pericentromeric heterochromatin, This 
map was essential for ordering, orienting, and 
linking WGS sequence scaffolds into larger BAC 
contigs and Release 5 scaffolds. Heterochromatic 
sequences atthe centric ends of the Release 3 arm 
sequences were represented in BAC-based 
physical maps of the euchromatic and telomeric 
portions of the chromosomes (/2, /3), but most 
heterochromatic seaffolds had not been mapped 
in lange-insen clones or localized to specie sites 
‘on the chromosomes, 

BAC-hased STS content mapping of WGS3 
scaffolds, using 354 probes designed from ge- 
‘nomic sequence and five BAC libraries (/1), ex= 
tended and linked many scaffolds into larger 


‘currently connected (e.g., XHet). Bac-Based Rel. 5 refers to the amount of 
heterochromatin finished in BACs. NSO is the contig length such that 50% of 
all base pairs are contained in contigs of this length or larger. 


Region Size (bp) __BAC-Based Rel 5 _Rel. 5 without N’s NSO Sized gaps Total gap size _Unsized gaps 
xh 392,502 312,439 392,502 0 0 0 
Het 204,112 = 204,112 0 0 ° 
2th 1,010,570 1,010,470 591,203 0 0 1 
2uHet 368,872 — 99,162 2 73,000 ° 
2Rh 1,285,689 973,874 1,285,689 0 0 0 
2RHet* 3,288,761 — 2,721,941 244,298 7 566,020 8 
3th 1,587,982 1,020,114 1,587,982 1,587,982 0 0 ° 
3iHet" 2,555,491 — 2,416,308 2 138,493 7 
3Rh 378,656 378,656 378,656 0 0 0 
3RHet 2,517,507 = 2,264,306 20 252,801 4 
YHet 347,038 - 242,806 30 101,632 2% 
Unmmapped 2,419,890 - 2.222.443 5 194,247 32 
modified 
Total for modified 16,357,070 - 15,025,087 378,616 8 1,324,183 8 
sequence 
Unmapped 7,629,087 - 6,145,805, 2521 09 1,239,982 2,433 
‘unmodified 
Total 23,986,137 3,303,114 21,170,892 - 525 2,564,125 2511 


= Statics rfl the sequence dstibuted as Release 5 ofthe genome and do not account forthe sail CPOD0217 moved from 2RMet to 3LMet and the seaffokd CPOOO2O6 moved fom 3RWet 


to Arm subsequent to the release 


Fig. 2. Sequenced regions of D. 
‘melanogaster pericentromeric hetero- 
chromatin. The heterochromatin extends 
proximally from the euchromatin (ack) 
‘and includes sequenced and assembled 
regions (aqua) and unsequenced regions 
(gray). The actual gap sizes between 
sequence scaffolds ae unknown and are 

ith an arbitrary OS-Mb 
. oF improved scaf- 
folds, which end in known or novel sim- 
ple repeats are shown with the terminal 
repeat sequence indicated. The scaffold 
P000217, originally identified as part 
‘of 2RHet but subsequently mapped to 
3LHet, is shown here at its updated 
location (see text. 
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Table 2. Summary of the integrated physical and cytogenetic map assembly. N/A, not applicable. 
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BAC contigs 
folds spanni 
and links 14 WGs 


‘The BAC map incorporates scat 
13.4 Mb of the WGS3 assembly 
scallolds to the Release 3 


aiee eg (iss ‘sum of sum sequences (Table 2). In regions proximal 10 
Chromosome siSs in 53 seattle © Het WGS3 Lengths the arm asscmblics it inks 130 WGS3 scallolds 
“ate BAC map i" Mapped —linked to. scaffolds in ntige in may into 25 multiscaffold BAC contigs and yields 21 

Pp : contig ped 
contigs arm Het contigs scaffolds (xb) single-scallold BAC contigs (Table 2) (22), The 
est BAC contig links 20 WGS3 scaffolds 
XL 16 ° 3 2 ry Caen 
al a 2 2 S aay We used fluorescence in situ hybridization 
2R 1 1 5 2 3 —_— “ee veh : 
a Ly 3 3 2 H osp FISD Wo mp BAC coms and evens a 
“ folds to specific cytogenetic locations in mitotic 
38 38 ° 2 2ABLGremsane  Te igh spa ene 
A : a ae 4 ¢ * ——trocomatin required the use of single-copy 
Subtotal probes [P-ckrent insertions (/5, 16) and CDNA 
™ ones (17, /8)] that could be assigned to specific 
Mecaiee) 7069 x S35 ane reece Weako nc BAC peta 
aa a i . = 2 2177 had sulin single-copy sequences to provide 
ota ¥ x 3 ‘unambiguous localizations (//) (lig. $8). The 
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Fig. 3. Integrated map of D. melanogaster pericentromeric heterochromatin. 
The cytogenetic reference map of the heterochromatic regions of the 
chromosomes with numbered divisions (hi to h58) and centromeres (C) is 
shown 22). The fourth chromosome (hS8 to h61) is not shown. Release 5 
sequence scaffolds are indicated at their cytogenetic map locations, and Het 
scaffolds are labeled with their GenBank accession numbers. Scaffolds (13.9 
‘Mb in total; see scale bar) and the heterochromatin (100 Mb in total) are 
represented at different scales. Sequence contigs (thick bars) and sequence 
‘gaps (thin bars) within scafolds are shown. Some sequence gaps are too small 
to be represented at this scale. A clone gap in the 2th sequence is indicated. 
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Joins between Release 5 scaffolds present in the BAC map assembly but not yet 
corporated in the sequence assembly are shown. Cytogenetic locations are 
indicated by lines connecting scaffolds to cytogenetic ranges. The hetero- 
chromatin-euchromatin boundaries within the sequence of the chromosome 
‘arms, based on BAC FISH (6), are indicated by dashed magenta lines. The 
‘orientations of Het scaffolds are not necessarily known (12, 23). CPO00217, 
originally identified as part of 2RHet but subsequently mapped to 3LHet, is 
shown here at its updated location; CPO00Z06, originally identified as part 
‘of 3RHet but subsequently removed to the unlocalized scaffolds, is not 
shown (12). 
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Physical and cytogenetic mapping results and 
previously published data were used to produce at 
integrated map of pericentromeric heterochro- 
matin (7). We present cytogenetic locations for 
15 BAC contigs linking 80 scaffokls and an ad- 
ditional 14 sealfokls that were linked to chromo- 
some arms; these localized scaffolds span 11.2 Mb 
(of pericentromeric heterochromatin in the WGS3 
assembly (Table 2). Curently unlocalized are $0 
WGS3 scaflokds in 31 BAC contigs, as well asan 
additional 63 WGS3 scaffolds larger than 15 kb 
‘that are not represented in the BAC map, Four 
scaffolds larger than 15 kb and not represented in 
the BAC map were incorporated into Release 5 by 
sequence Finishing (1), 

Integration of the mip and sequence-finishing 
ion led us to define three clases of Release 
aflokts (i) contiguous with the 
arms and extending them 
father imo pericentromerie hetevochroenain (chro 
meson ann “h"); (i) mapped t specific chromo 
some ans with petal information on order and 
ton and concatenate into “mn” Fikes (arma 
and (i) unmapped and concatenated into a 
The improved, mappa 

are diagrammed retative to the 
chromosome anns in Fig. 3; see (/2) foe analysis of 
‘sequences and maps by chromesom, 

We have demonstrated substantial progress 
toward our goal of assembling and mapping the 
components of heterochromatin that are not 
simple repeats, and have shown that hetero- 
chromatic regions containing single-copy genes 
and a high density of transposable elements can 
be assembled into high-quality, contiguous se 
quence, How can we generate an even: more 
complete genomic understanding of Drasop hile 
heterochromatin? The tiling path of overlapping 
BACs spanning the Release S sequence (11) pro- 
Vides templates for gap closure and scaffold exten- 
sion in the regions that contain midlke-repetitive 
‘elements and single-copy genes. Progress can 
also be made in localizing more sequences by 
performing FISH with additional cDNAs, BACs, 
and transposon insertions from other collections 
(19, 20). Restriction fingerprints of tiling path 
BACS will also provide an independent bench- 
imark to evaluate the accuracy of finished se 
‘quence assemblies (27). The apparent absence of 
BACs covering various remaining gaps likely 
rolleets the presence of extensive simple se- 
‘quence arays, Which are unlikely to be complete- 
ly closed as the map and sequence are improved. 
New technologies will be required to determine 
the sequence and structure of these highly repet- 
.¢ regions. However, an achievable goal using 
current technologies is to produce complete maps 
and sequence assemblies for the single-copy and 
middle-repetitive components of the hetero- 
chromatin, combined with cytological definition 
Cf the locations and structures of large blocks of 
tandemly repeated simple-sequence DNA. 

Our results suggest that elucidating the or 
‘ganization and composition of heterochromatic 
regions in other organisms is a practical goal 
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However, ourability to substantially improve the 
sequence and maps required three critical com- 
ponents: (i) a high-quality WGS sequence as- 
sembly: (i) a high-depth collection of procisel 

sized and aligned genomic clones for sequene 
finishing and gap closure: and (ii) physical and 
cytogenetic mapping to deduce relationships be- 
tween WGS scaffolds. The STS content-mapping 
‘experiments benefited greatly from the availabil- 
ity of large-inset BAC libraries produced by 
fragmenting genomic DNA with three different 
restriction enzymes and with physical shearing 
Analysis of heterochromatin in other genomes 
would alo benefit from improved algorithms 
that can successfully and accurately assemble 
sequence of regions rich in repeated DNA. 
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The Vaccine Adjuvant 
Monophosphory! Lipid A as a 
TRIF-Biased Agonist of TLR4 


\Verénica Mata-Haro,** Caglar Cekic,*? Michael Martin,? Paula M. Chilton,* 


Carolyn R. Casella,? Thomas C. Mitchell™?+ 


The inflammatory toxicity of lipopolysaccharide (LPS), a component of bacterial cell walls, is 
driven by the adaptor proteins myeloid differentiation factor 88 (MyD88) and Tollinterleukin 

1 receptor domain-containing adapter inducing interferon-{s (TRIF), which together mediate 
signaling by the endotoxin receptor Toll-like receptor 4 (TLR4). Monophosphory\ lipid A (MPLA) 
is a low-toxicity derivative of LPS with useful immunostimulatory properties, which is nearing 
regulatory approval for use as a human vaccine adjuvant. We report here that, in mice, the low 
toxicity of MPLA’s adjuvant function is associated with a bias toward TRIF signaling, which we 
suggest is likely caused by the active suppression, rather than passive loss, of proinflammatory 
activity of this LPS derivative. This finding may have important implications for the development 


of future vaccine adjuvants. 


oninfectious vaccine antigens 10 generate 

tibody responses that are faster, stronger, 
and longer lasting than responses. achieved 
through immunization with antigen alone. Alu- 
minum hydroxide (alum) is curently the only 
‘human vaccine adjuvant approved for use in the 
United States, and although it is effective at 
boosting antibody responses, these responses r= 
quire repeated administration and tend to gener 
ate antiparasitic T helper 2 (Ty2), rather than 
antiviral and antibacterial Ty, T cell immunity 


== adjuvants are combined with 
no 


(). As a consequence, there is much effort 
devoted to developing prospective adjuvants that 
can establish protective immunity with fewer 
‘vaccinations with less injected material, through 
durable antibody and Ty,1-tependent cytotoxic T 
cell activity. One of these, MPLA. is likely to be 
the first vaccine adjuvant to be approved for 
‘widespread use since alum because it generates 
clinically useful immune responses (2-5), and it 
has ~0.1% of the inflammatory toxicity of its 
parent molecule, LPS (6, 7). The adjuvant effects 
of MPLA require TLR4 (6,8), and although TLR 
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ing may not be critical for enhanced 
amiibody responses. under all cont 
TLR agonists do show particular promise as 
adjuvants of cytotoxic T cell activity. Because 
TLR¢ is also the receptor for endotoxin, it is 
important to understand the mechanism(s) by 
Which MPLA can boost T and B cell immunity, 
Without the damagi 
associated with its parent molecule. 

‘We compared the effets of MPLA. versus 
LPS in T cell priming using an adoptive transfer 
system in which ovalbumin (OVA) peptide 
specific CDR” and CD4* T cells trom OT (10) 
and OF (11) T cell receptor transgenic mice 
(CS7BL6 background, CD45.2") were infissed 
into major histocompatibiity complex-matehed 
recipients (B6.SIL, CD4S.1°) before immuniza- 
tion with adjuvant plus OVA peptides 323-339 
and 257-264 [SHNFEKL (Ser-th-lle-Asn-Phe- 
Glu-Lys-Leu)]} (12). Adjuvant doses, 30 yg of 
MPLA or 10 ig of LPS, were selected! on the 
basis of similar induction of T cell clonal 
expansion in pilot experiments (fig. S1) and 
\were uscd in all subsequent in vivo experiments. 
From 2 to 7 days after immunization, cells 
harvested from spleens and lymph nodes of 
tivated animals revealed that MPLA. and LPS 
had equivalent adjuvant effects on TT cells, with 
indistinguishable patterns of clonal expansion 
and contraction (Fig. 1A and fig. S2). In terms 
‘of eytokine responses, interleukin-10-(IL-10) 
production was strong in both MPLA- and LPS- 
agjuvanted mice (lig. $3) although differences 
emerged when responses were grouped 
according to dependence on either of wo TLRS 
signaling pathways, MyDS8 or TRIF, based on 
previous studies of genetically deficient mice 
(3-15). Thus, MPLA appeared to be as efficient 
‘as LPS at inducing TRIF-<ependent factors [Fig 
1€; P= 0,604, 0.051. ane 0.058 for differences it 
‘granulocyte colony-stimulating factor (G-CSF), 
innerferon-induced protein 10 (1P-10), and mono- 
eyte chemotactic protein 1 (MCP-1) proxtuction 
respectively} while only weakly stimulating 
MyDB8-associated responses (Fig. 1B; P 
(0.0005 for interferon-y (IFN-y), IL-1, IL-6, and 
imuacrophage inflammatory protein 1a (MIP-La)} 

We next performed microumy analysis of 
splenocytes from mice that had been immunized 
as described above (Fig. 1A), which again showed 
that MPLA had induced strong TRIF-sssociated 
but weak MyDSS-associated responses when 
‘compared with those of LPS. Some ofthe results 
from this in vivo analysis of MPLA. function 
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reproduced those previously reported (8) in that 
TL-16 wanscription was strongly induoed (lig. $4), 
Whereas mature proicin seertion was not (Fig 
1B), In the earlier study. it appeared that MPLA 
had failed to activate IL-1) comenting enzyme 
(8). However, because IL-l receptor deficient 
mice remain susceptible to endotoxic shock (76), 
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‘we concluded that this difference in activity was 
‘ot sulicient to explain the low toxicity of MPLA. 

Given the number of MyD8S-associated 
genes that were not strongly induced by MPLA 
(Fig. 1, B to D), we next tested for generalized 
defects in MyDS8 signaling, Because macro- 
phages ane necessity for LPS endotoricity (17), 
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Fig. 1. MPLA induces similar T cell clonal expansion kinetics as compared to LPS but shows TRIF-biased 
gene expression. In all experiments, OT-1 (1 x 10°) and OT-ll (1.5 x 10°) cells were adoptively transferred 
‘nto B6.5}L mice. After 24 hours, mice were either untreated or immunized with SHINFEKL and OVAso5-359 
‘alone (OVA; triangles), with OVA and 10 yg of LPS (OVA+LPS; solid squares), or with OVA and 30 19 of 
MPLA (OVA+MPLA; open squares). “P < 0.05; n.s., not statistically significant by analysis of variance 
(ANOVA) and post-hoc Tukey analysis (12). (A) Every day after immunization (from days 2 to 7), cells from 
spleen and lymph nodes (fig. $2) were harvested; stained for CD4, CDB, CD45.1, and CD45.2; and 
‘enumerated by means of flow cytometry. Results are mean values + SEM of triplicate mice from one of two 
representative experiments. (B and ©) Serum samples were obtained at the indicated times and analyzed 
by means of multiplex analysis for cytokines and chemokines. Data were grouped as representative 
Products of the MyD88-dependent (B) or TRIF-dependent (C) signaling pathways and plotted as mean 
values + SEM. (D) Six hours after immunization, spleens were harvested and RNA was isolated. Affymetrix 
‘genechip analysis was then performed (12). Selected transcript products from the microarray data were 
‘grouped by MyD88-dependent (left) or TRIF-dependent (right) genes. COX-2, cyclooxygenase-2; Serpinel, 
serine protease inhibitor E1; OXCL2, chemokine (CXC motif ligand 1; Hit interferon-induced protein wit 
tetratricopeptide repeats. Results are shown as mean hybridization intensity = SEM from triplicate mice. 
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Fig. 2. MyD88 signaling is delayed and decreased in MPLA- 
stimulated macrophages. *P < 0.05; ns, not statistically significant 
by ANOVA. (A) BMMDMSs or peritoneal TGMs were cultured overnight with increasing concentrations of MPLA or 
LPS, Culture supernatants were assayed for IL-6 by enzyme-linked immunosorbent assay (ELISA) (12). Results 
‘are mean values + SEM of triplicate cultures from one of two representative experiments, (B) immunoblots of 
phosphorylated IKKw/f in unstimulated BMDMs and BMOMs stimulated with MPLA (1 jig mI") or LPS (2 jig 
mt), The membranes were stripped and reprobed for total IKKa{5 as loading control, and ratios of 
Phosphorylated/total IKKi/} were plotted. Results are from one of three representative experiments. (C) 
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BMDMs were cultured forthe indicated times with MPLA (1 xg mU*) or LPS (1 yg m(), Nuclear extracts were 

analyzed for NFxB-binding activity; data are expressed in optical density (0.0.) units obtained with the TransAM ELISA NFxB assay performed as described in 
(12), (D) BMDMs were pretreated with dimethyl sulfoxide (DMSO) or with 50 nM freshly prepared wortmannin and then were cultured overnight with 
increasing concentrations of MPLA or LPS. Culture supernatants were assayed for IL-6 by ELISA (22). Results are mean values + SEM of triplicate cultures from 


‘one of three representative experiments. 


We tested responses to LPS versus MPLA using 
bone marrow-derived monocytes (BMDMs) and 
thioglycollate-cicited macrophages (TGMs), Ini- 
tial ests of eytokine and chemokine production 
showed that MPLA had the sume TRIF-biaset 
activity in BMDMs and TGMs (Fig. 2) as that 
‘con in vivo, Thuis, MPLA was to to thioe orders 
‘of magnitude less potent than LPS at inducing 
MyDs8-dependent IL-6 (Fig. 2A) but induced 
similar TRIF-dependent 1P-10, MCP-1, and 
IEN-p (Fig. 3), Stimulation of DNA binding 
activity by the transcription factor nuclear factor 
xB (NFB) p65 was markedly slower (Fig. 2C) 
after exposure of wild-type (WT) BMDMSs to 
MPLA, and phosphorylation of a component 
Of its regulatory complex, inhibitor of NFxB 
Kinase (IKK), was delayed and reduced when 
‘compared to phosphorylation afier LPS expo- 
sure (Fig. 2B). In contrast, MyDS8~ BMDMs 
‘showed identical kinetics of IKK phosphoryla- 
tion upon exposure to LPS or MPLA (fig. SS), 
These results reveal that MPLA’s low potency 
in inducing IL-6 was correlated with a failure 
to activate MyD88-dependent events: needed 
for proinflammatory pattems of NFxB tran- 
scriptional activation and were similar to those 
seen in MyDS” mice (/3, 14. 18). 

In studies looking at TRIF-wsociated signal- 
ing, several events were found to be unimpaired 
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in BMDMs after exposure to MPLA. The time 
coure and magnitude of phosphorylation of 
interferon regulatory factor 3 (IRF-3), a defining 
feature of TRIF-mediated signaling, were idemti- 
in both MPLA- and LPS-trested BMDMs 
ig 3B) Signal transducer and activator of 
transcription 1 (Stall) phosphorylation, which is 
absent in TRIF-deficient cells exposed to LPS 
(U8) and is associated with TLR4 induced 
autocrine andor paracrine production of type 1 
interferons (/9), was also the same (Fig. 3C). 
It has recently been reported that phosphoi- 
nositide $-kinase- generated phosphatidy inositol 
S-bisphosphate (PIP,) is required for efficient 
lyDSX recruitment to TLR4 (20) and that proin- 
flammatory glycogen synthase kinase 3 (GSK- 
3B) is inactivated through phosphoinositide 
3-Kinase (PIBK)-dependent protein kinase B ac- 
tivity (21). Because PI3K activity would be ex- 
pected to decrease PIP, levels via conversion to 
‘phosphatidy linositol 34.5-trisphosphate. thereby 
preventing recruitment of MyDSS, as well as to 
inactivate GSK-3B, we tested whether PSK 
activity might be involved in MPLA’s decreased 
ability to induce IL-6, Pretreatment of BMDMs 
With the PISK inhibitor wormannin inereased 
1L46 production by MPLA. but did not farther 
increase IL-6 production by LPS (Fig. 2D), 
suggesting that MPLA. stimulates: more PISK 


activity than LPS. Thus, the inefficient stimula- 
tion of MyDSX-dependent signaling by MPLA, 
may result from diminished recruitment of 
MyDS& to TLR4 though loss of PIP species 


flammatory C 

Our observation that weak stimulation of 
MyDX8-dependent IL-6 by MPLA was 
comelated with efficient T cell adjuvant funetion 
appears 10 contradict a previous report con 
cluding that LPS failed to boost T cell priming 
in MyD8X4leficient mice because IL-6 expres- 
sion was impaired (22). One explanation for this 
discrepancy might be that MPLA induces low 
levels of MyDS8-nediated signaling that stim- 
ulate sufficient production of IL-6 (Fig. 1B). 
Another explanation is that TRIF, rather than 
MyDS8, may be needed for TLR4-induced 
adjuvant eflects. To distinguish between these 
possibilities, we retumed to the adoptive trans- 
fer system to measure T cell priming effects 
in recipient mice that were either MyD88- of 
‘TRIF-deficient. The TLR2 agonist N-palmitoyl- 
$-[2.3-his(palmitoyloxy)-22.S)-propyl]-4R)- 
eysteinyl-seryH(ysyI3}-lysine (PAMSCSK4), 
which signals only through MyDS8 (23), 
tusad as negative control to demonstrate the ab- 
sence of MyDS8-dependent effects in MyDS8- 
ficient recipients, Four days alter immunization, 
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Fig. 3. Equivalent TRIF-dependent g 
signaling in response to MPLA or LPS. P< © 200| 
0.05; ns, not statistically significant by S| 
ANOVA. (A) BMDMs or TGMs were cultured f= 100) 
‘overnight with increasing concentrations of ii 
[MPLA or LPS, and the culture supematants 0 ©1109 100 1000 10000 
were assayed by ELISA for IP-10, MCP-2, TLR4 agonist ng mi 


and interferon-{s (IFN) (12). Results are 


mean values + SEM from one of two representative experiments, (B and C) Unstimulated BMDMs 


‘or BMDMS stimulated with MPLA (1 1g mt) or LPS (Lj1g mi} were analyzed by Western blot 
for phosphorylated IRF-3 (Ser®™) (8) or phosphorylated Stat (Tyr? or ¥-701) (C). For loading controls, the membranes were stripped and reprobed for total 
IRF-3 oF total Stat, respectively, Results are representative of two independent experiments. Parameters were evaluated by ANOVA. 
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Fig. 4. MyD88 i not required for full adjuvant effects on T cell priming. WT (C57BUS), MyD88-deficient 


(MyD88~) (A), or TRIF!®4°* (B) mutant mice received 1 x 10° 


OF-LSIL and 15 x 10° OF-LS}Lcels by 


‘adoptive transfer and were treated as in Fig. 1A with the combined OVA peptides in the absence and 
presence of LPS (10 j1g), MPLA (30 jig), or PAMsCSKs (PAM) (50 jig). T cell expansion in the spleens was 
determined after four days. Results are mean values + SEM from triplicate mice for fold increases of OVA 


plus adjuvant-treated mice versus OVA-treated mice and are representative of two experiments. Statistical 
analysis was performed with the use of the nonparametric Mann-Whitney test: all comparisons between 
OVA+MPLA and OVA+LPS groups showed statistically insignificant differences (U > 0.05). 


spleens were harvested and tested for adjuvant 
eflgets on T cell proliferation. tn these experi- 
iments, MyDR8 appeared completely dispensable 
for the MPLA- or LPS-induced adjuvant effects 
on OF! and OF-I cells, at least during early 


www.sciencemag.org 


<lonal expansion (Fig. 4A). Neither T cell popu 
lation showed evidence of PAM;CSK,-magiated 
adjuvant effects in MyD88"~ mice. These results 
‘confirm that MyDS8 was not required for TLR4- 
smesiated adjuvant effects on early T cell priming. 
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The adjuvant effets of 
‘were also compared in TRIF 
express a truncated form of TRIF that is inactive 
(28), These studies revealed that adjuvant-boosteal 
OTA T cell priming was severely impaired in 
TRF" hows, whereas OTL priming was 
Bam gery ace We AB) Reonce of 
TRIFP2" mice to control PAMACSK. 
not diminished, as was expected because 
known not to require TRIP for its activity (23) 
Hence, costimulation of OTL and OTM T cell 
proliferation by TLR4 agonists showed substan- 
tially wreater dependence on TRIF 1 
MyD&8 in this mode! system, This result ind 
that although MPLA is inefficient with respect to 
stimulation of TLR4MyD88-inducod gene ex- 
pression, it has fortuitously retained TLRA/TRIF- 
associated activities, such as induction of type 1 
imerferon (Fig. 3A), that may be especially im- 
portant for T cell clonal expansion 
Clinically relevant adjuvants other than 
MPLA, such as CpG oligonucleotides, also 
induce type I interferon but in a MyDS8- 
dependent (25), rather than a TRIF-dependent, 
‘manner. Thus, different TLRs can reach the 
immunestimulatory endpoints without requiring 
the same signaling adaptors. In the case of the 
endotoxin receptor TLR4, it is MyDS8 that is 
most associated with proinflammatory outcomes, 
perhaps because of involvement of the MyD8S 
coadapter, Mal (MyDR8 adapter-tike) (26, 27). 
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‘The mechanistic basis for MPLA’s failure to 
stimulate fall MyDS8 signaling, with associated 
proinflammatory effects, remains to be fully elu- 
Ccidated, However, we propose that an important 
‘component is the acquisition, relative to LPS, of 
‘an anti-inflammatory function that requires PISK 
activity (Fig. 2D). This would be distinct from the 
loss of a proinflammatory activity, such as a 
simple failure to recruit Mal and/or MyDSS to 
TLR4, Discovering the precise mechanism of 
MPLA‘ ability to fmnction as a low-toxicity 
adjuvant may permit improvements in the design 
‘of future TLR4dependent vaceine adjuvants, 
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Crystal Structures of Human 
MD-2 and Its Complex with 
Antiendotoxic Lipid IVa 


Umeharu Ohto,? Koichi Fukase,? Kensuke Miyake,” Yoshinori Satow"* 


Endotoxic lipopolysaccharide (LPS) with potent immunostimulatory activity is recognized by the 
receptor complex of MD-2 and Toll-like receptor 4, Crystal structures of human MD-2 and its 
‘complex with the antiendotoxic tetra-acylated lipid A core of LPS have been determined at 2.0 and 
2.2 angstrom resolutions, respectively. MD-2 shows a deep hydrophobic cavity sandwiched by two 
Jb sheets, in which four acyl chains of the ligand are fully confined. The phosphorylated glucosamine 
moieties are located at the entrance to the cavity. These structures suggest that MD-2 plays a 


principal role in endotoxin recogni 


inst microbial infections (7). Defense re= 

pemnses ane activated When microbial compo- 
nents ae recognized by a variety of pathogen 
sensors, including the Toll family of receptors, 
Nodt-lke receptors, and double-stranded RNA 
sensors (2), Among microbial components, lipo- 
polysaccharide (LPS) in the outer membrane of 
in-neyative bacteria is a potent stimulant of 
immune responses, and a small difference in LPS 
structure has a great influence on host responses 
against Gram-negative bacteria (3). Excessive 
responses tothe endotoxic LPS frequently result in 
severe sepsis, a nipidly progressing inflammatory 
disease with up to 29%monality, leading to more 
than 215,000 annual deaths in the United States 
alone (4). Tollelike receptor 4 (TLR4) and MD-2 
form a complex, and both have been implicated 


I nate immunity is the first line of defense 
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1 and provide a basis for antiseptic drug development. 


in LPS recognition because mice lacking either 
molecule are hyporesponsive to LPS (5, 6). 
TLR4 is a type I transmembrane protein 
consisting of extracellular leucine-rich repeats 
and a cytoplasmic signaling domain similar to 
the type I interleukin-1 (IL-1) receptor (J), 
MD-2 is a 160-amino acid glycoprotein with 
«4 16-amino acid secretion signal at the N termi- 
nus (7) and represents a class of MD-2-related 
lipid recognition (ML) proteins that also include 
mite allergen proteins (8). MD-2 forms a stable 
complex with TLR4 on the cell surface (9). and 
MD-2 alone as well as in the complex directly 
bbinds to LPS with nanomolar affinity (/0), On 
the other hand, it has alo been reported that 
TLR¢ recognizes and binds to LPS (/1, 
Lipid A. the primary immunostimulstory core 
Of LPS, is diverse in several species (/3), and these 
variations ane discriminated by the TLR4¢ MD2 
complex as endotoxic or as antiendotoxic (14), 
Lipid A of the Escherichia coli type (Fie. 1) acts as 
‘a potent agonist in human macrophage cells an in 
iouse cell, However, its precursor lipid 1Va(/5), 
the tetrr-acylsted form of ipid A, acts as an antag- 
fonist in human cells but as an agonist in mouse 
cells (16). Despite identification of the complex as 
the LPS receptor, no information isavailable on the 
structures of liganded pathogen sensors. Here, we 


report crystal structures of human MD-2 and its 
‘complex with lipid Va. The stractres suggest that 
MD-2 plays a principal role in LPS recognition, 
We expressed human MD-2 in methyhropie 
yeast Pichia pastoris, as deseribed (17), Poly- 
‘saccharide moieties of MD-2 were trimmed of by 
cexddoglyeosidase teatment, which leaves single 
Neaeety glacostmine (NAG)at each glyeosylation 
site. Monomeric MD-2 was crystallize into space 
group 74,22 with a= 33.1 A,e= HLS A, and 
‘one MD-2 molkcule contained in the asymmetric 
‘unit. The structure ofthe native MD-2 crystal was 
detemnined at 2.0 A resolution by multiple 
isomomphous replacement. A cocrystal with the 
lipid Va complex was obtained from a misture of 
MD-2 and lipid TV and is nearly isomorphous 0 
the native erystal, The structure of the complex 
‘was refined at 2.2 A resolution, Details of the 
crystallographic analyses are given in (17) 
Residues from Glu” to Asa! are defined in 
the sructure with wo N-linked NAGs at Asn and 
Asn! MD-2 is folded into a single domain 
consisting of two sheets in the immunoglobulin 
{old conserved among the ML proteins (8): One 
sheet consists of three antiparallel strands. an the 


Fig. 1. Chemical structure of lipid IVa. 
has additional XA3° and XA4" acyl chains. 
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other consists of six antiparallel strands (Fig. 2). 
Between these sheets is a large and deep hnydro- 
phobic cavity. It has a volume of 1710 A* with 
approximate dimensions of 1S A by ® A by 10. 
The {86 and 87 strands line the entrance 10 the 
cavity, The cavity makes the span ofthe two sheets 
much wider than that in the previously predicted 
model of MD-2 (8), Three disulfide bridges are 
focated between Cys? and Cys?!, between Cys 
and Cys", and between Cys? and Cys! in 
‘contrast to the prodicted bridges between Cys? 
and Cys" and between Cys?” and Cys* (18). 
The sole fee Cys! is located deep in the cavity 
and seems not to be involved in the oligomeriza- 
tion that has previously been reported (19). 


In the native structure, unexpected electron 
densities were observed in the cavity; these were 
attributed to bound lipidic molecules that pre- 
‘sumably copurified with MD-2 (fig. SLA), Throe 
myristic acid molkcules were built into the 
structure (fig. S2), In the structure of the Fipid 
1Va complex, electron densities in the cavity (fi 

B) were assigned to the different parts of lipid 
Fig, 1): two glucosamine, two phosphate, 
and four fatty acid chains. The glycosylation sites 
‘of both Asn?® and Asn! are distant fom the 
cavity region, indicating that the glycosylation 
plays a role not in ligand binding, but 
(presumably) in the secretion and protection 
of MD-2. 


Fig. 2. Stereo ribbon model of human MD-2 in complex with lipid 1Va. The N terminus is drawn in 
blue and the C terminus in red. The fs strands are indicated with their labels, and some amino acid 
residue numbers are shown. Bound lipid 1Va and NAGS as well as cysteine residues are drawn as 
ball-and-stick models. The two (5 sheets are inclined toward each other by about 45°. 
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Root mean square (RMS) positional deviations 
between the superposed native and complexed 
ssnuctures are 03 A forthe main-chain atoms and 
07 A for all the protein atonts. Thus, the MD. 
sinucture isnot significantly altered 
binding. A major difference isin th 
conformation of Lys! located atthe entrance 10 
the cavity: The side chain is shifted toward the 
second glucosamine moiety XG2 of lipid 1 
\with RMS deviations of 0.3 A forthe 
atoms and 2.8 A for the side-chain atoms, Overall 
8 factors for the native and complexed structures 
are 39 A? and 37 A*, respectively, and a slight 
deorease (3.3 A*) in the averaged B factor is 
noticed for 87 upon complexation, 

Details of the interactions between lipid IVa 
and MD-2 are shown in Fig, 3 and fig, $3, The 
‘osphate and sugar groups are aligned in parallel 
‘with B7 inthe order XPI, NGI, XG2, and XP2, 
‘with an XPI-XP2 distance of 12.5 A, which 
‘explains how the peptide fragment from Phe! to, 
Lys! can bind to LPS (20). Residues Phe!” to 
Gy? ae important forthe LPS recognition, and 
these residues, with the exception of Lys!®, are 
conserved in all the species of MD-2 (27), Three 
hydrogen bonds to lipid [Va are noticed: Ser"? 
Nto XAI OI (distance of 2.87 A), Lys"? N to 
XA3 OL" (3.07 A), and Ser!*” © to XA3 OF 
2.66 A), Water atoms mediating lipid IVa and 
MD-2 are located atthe cavity entrance (Fig. 3) 
‘Among a total of 18 lysine and arginine residues 
of human MD-2, which is highly basic with 
isoelectric point value of 8.7. only Lys! and 
Arg” ane located in the vicinities of the 
cnirance, and their side chains cover XG2 and 
XP2, These interactions tether the hydrophilic 
moiety of lipid 1Va to the cavity. Hydrophobic 
and electrostatic surface potentials. in the 
Vicinities of the entrance indicate that the 


Fig. 3. Binding interface to lipid WVa. (A) Ribbon representation of the 
lipid IVa complex, a5 viewed from 3 40° rotation with respect to Fig. 2. The 
representation is similarly drawn as in Fig. 2 so as to show that the 
entrance to the MD-2 cavity is lined by the [6b and [57 strands. (B) Stereo 
close-up view of the binding interface. Amino acid residues located in the 
vicinities of the entrance are drawn as ball-and-stick models with their 
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XG2.N2. 


SCIENCE VOL316 


residue labels. The structure of the lipid 1Va moiety is similarly drawn in 
darker gray, O atoms in red, N in blue, C in gray, and P in pink. Water O 
‘atoms involved in hydrogen bonds (broken lines) are also depicted: W1 
between Gly? N and XG2 03, as well as a group of W2, W3, W4, WS, and 
'W6, in which W2 is hydrogen-bonded to Glu’ 0", W2 to W3, and W3 to 
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‘entrance is positively charged and the inside of 
the cavity i highly hydrophobic (Fig. 4), None 
of the phosphate groups of lipid IVa, which are 
reported to be essential to the activation of 
immune responses (J3), are involved in direct 
hydrogen bonds to MD-2 atoms, The lysine 
and arginine residues mainly contribute to the 
attraction of negatively charged lipid TV. 

Four fty aid chains of lipid IVa are all deeply 
confined in the cavity. The XAL chain is in an 
extended linear conformation and is stuck deeply 
into the cavity; Three of its four sides are 
‘surrounded by hydrophobic MD-2 side chains. 
The XA2 chain is also in the cavity and lined up 
with XAL. The XA3 and XA4 chains are curved, 
and the regions of XA3 C1011" and XA4 CHL 
13’ atoms are loosely packed in the cavity. The tip 
cen! of XAG folds back toward the XG2 moist, 
and that of XA3 hangs over XA4. The fatty acid 
‘chains in the cavity are packed next to cach other 
through van der Waals contacts, as exempliti in 
the lipid molecules bound to the GM2 activator 
protein (22), The packed and confined fatty acid 
structures are distinct from the exlended structures 
cof the fatty acid chains of LPS associated with the 
branc-embedded region of the FhuA. feri- 
chrome ion receptor (23). The cavity of MD-2 is 
divided into four sites on the basis of their 
interactions to the fatty acid chains: LI through 
L4 respectively correspond to XAL through XA 
(able $3). In the Lt, L2, and L3 sites of the native 
structure, the fatty acid molecules assigned as 
myristic acids exist in nearly identical config- 
rations tw those of XAI, XA2, and XA3, 
spectively (figs. $2 and $3), The averaged B 
factor for the lipid IVa molecule is 46 A: com 
Parable values are obtained for XAL G3 wy, 
XA2 (46.7), and XA3 41 A?) witha larger one 
for XA4 ($3 A®), These suggest that the Lt, L2, 
and L3 sites have higher affinities to fatty acid 
chains. The surface area accommodating lipid 
IVa is very wide, 890 A? This kange value is 
comparable to that of ligands bound to the 
antibodies (24) and explains the nanomolar 
aflinity of MD-2 toward LPS (/0). 


Fig. 4. Binding pocket 
and. surface properties, 
‘of MD-2. MD-2 is viewed 
from a 90° rotation with 
respect to Fig. 2, and 
residues of interest are 
indicated. (A) Protein 
surface showing hydro- 
phobic _and_ hydrophilic 
properties. The lipid [Va 
structure és removed from 
the complexed structure, 
Green and red repre- 
sent hydrophobicity. and 
hydrophilicity, respective 
ly, and the estent is in- 


WE 


The MD-2 residues essential wo the interaction 
with TLRS are reported to be Ane”. Lys 
Asp!™, Tyr, Cys", and Cys! inthe absence 
of the ligands (25). A. synthetic peptide from 
Cys" to Cys!” in the oxidized form, exhibits a 
decrease in LPS-induced activation (/8) and is, 
supposed to compete with MD-2 through the 
interaction with TLR4, These residues are 
located at the cavity entrance (Fig. 4). 

The structure of CD14, which transfers LPS 
to MD2, abo has 3 hydrophobic cavity of 
dimensions nearly equal to thse of MD-2 (26), 
hence, it is presumed to recognize acyl chains of 
LPS. The only differences between the structures 
‘ofthe antagonist lipid 1Va and of te agonist lipid 
Aare two additional acyl chains, XA’ and XA4 
(Fig. 1). The MD-2 cavity likely could not 
accommedate more than four acyl chains. When, 
the additional XA3" chain ester-linked 1 the 
XA3 03" atom is directed toward the inside of the 
‘cavity the hydrogen bonds of the NA3 O3° atom 
to both Ser™ 0 and to XAL OV are disrupted. 
and hence the XA3 and XA4 portions are 
reurangsd This rearrangement would displace 
‘some portions of XA3 and XA4 toward the region 
rcar Val" Leu*”, and Phe™, which is reported 10 
affect ligand!-stimulated TLR4 clustering (27), 

Binding sites other than LU through L4 for the 
kltonal acy! chains o¢ conformational changes 
cenlanging the cavity are conceivable for lipid A. 
The additional lipid A acyl chains displaced from 
the hydrophobic cavity might be involved in 
activation upon MD-2 complexation with TLR4, 
and they may induce the reported oligomerization 
‘of TLR4 (28). This activation scheme is consistent 
With the increased MD-2 affinity 1 lipid A. upon 
association with TLR4 (29), Recombinant human 
MD-2 in which Ser”, Leu", and Lys"? are 
replaced with the comespondding mouse residucs 
(The, Val", and Glu") is reported to be 
activated by lipid IVa and lipid A (30). The 
hydroxy OF atom of Ser” in the J strand is 
hydrogen-bonded 10 Glu N, Leu®" is located 
deep in the cavity, and Lys" is on the surface of 
the eavity entrance. The former two replacements 


dicated by color darkness. (B) Electrostatic potential surface. Positive and negative potentials are shown 
in blue and red, respectively. Bound lipid IVa is drawn as a ball-and-stick representation: O in red, Nin 


blue, C in yellow, and P in green. 
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‘would bring subtle changes in the construction of 
the cavity, and the replacement with the glutamate 
side chain would change the electrostatic proper- 
ties ofthe cavity entrance. 

We hypothesize that the MD-2 structure 
unaltered by lipid IVa binding might be 
essential t0 antagonistic properties in human 
cells. The complexed structure that conti 
id 1Va suggests that MD-2 plays a 
principal role in recognizing LPS. Moreover, 
it provides a basis for structure-based devel- 
opment of antiseptic drugs that might be 
effective in preventing endotoxin shock. 
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Peripheral Blood Mononuclear Cells 
CCryopreserved human peripheral blood mononu: 
clear cells (PBMO) display greater than 90% via 
bility when thawed. When tested for peptide or 
protein antigen-induced T-cell recall responses in 
cytokine enzyme-tinked immunospot assays, the 
{frequencies and per-cell cytokine productvities 
of the thawed cells approximate 100% of fresh 
PBMC, The cryopreserved PBMC are available 
either uncharacterized or characterized for HLA 
type low/igh resolution, antigen reactivity, age, 
gender, ethnicity, blood type, and vaccination 
status for vaccinia, tuberculosis, and hepatitis B. 
Custom orders are also available. The cells can be 
‘used for validation and protocol set-up, and for 
{intemal controls for clinical trials. They can faci 
‘tate human immunological research and assay 
standardization within and between laboratories. 
Al donors are screened to be negative fora vari- 
ety of pathogens. 

Cellular Technology Ltd For information 
{888-791-4005 wrr.immunospot.com 


MALDI Spotting System 

The NanoLC MALD! Spotting System enables users 
{0 use a powerful liquid chromatography (LO sys: 
tem in matrix-assisted laser-desorption ionization 
(MALD!) applications. Featuring the new Ekspot 
spotter, the new system complements the manu- 
facturer’s offerings for nanospray mass spectrom: 
etry (MS) proteomics analysis. Integration of the 
Ekspot with the NanolC provides single-point con- 
trol from Eksigent software and enables the analy- 
sis of complex protein and peptide samples with 
MALDI MS. The Ekspot spotter/fraction collector 
deposits fractions eluted from the NanolC onto a 
MALDI plate, while a built-in pump automatically 
adds the matrix. High positioning accuracy ensures 
consistent spotting with maximum resolution. The 
high-capacity system stores up to 16 MALDI tar- 
gets for high-throughput applications. By elimi- 
‘ating flow splitting, Eksigent's proprietary 


waww.sciencemag.or 


Microcentrifuge Pack 


ricrolluidic technology improves reproducibility 
and sensitivity and eliminates solvent waste. The 
NanoLC’s precise microscale flow control runs 
high performance LC gradients at rates as low as 
20 nl per minute, 

Eksigent For information 925-560-2627 
vneksigent.com 


Human Embryonic Northern Blots 
The Human Embryonic message Hunter Northern 
Blots provide a quick answer to which genes are 
tumed on and off during the human embryonic 
development stages. Researchers can choose 
Northern blots at 6, 7, 8, 9, 10, 11, and 12 weeks 
of development for a variety of tissues. The tissue 
sources include human embryonic brain, heart, 
kidney, liver, lung, muscles, and whole embryos. 
G-Biosciences/Genotech For information 
800-628-7730 wrn.GBiosciences.com 


Real-Time PCR 

High-resolution melting (HRM) is a novel, closed: 
tube, post-polymerase chain reaction (PCR) 
method that enables researchers to analyze 
genetic variations (such as single nucleotide 
polymorphisms, mutations, and methylations) in 
PCR amplicons prior to or as an alternative to 
sequencing. It provides high specificity, high 
sensitivity, and convenience at a significantly 
hhigher speed and lower cost than methods such 
as denaturing high performance liquid chro- 
‘matography, ges, or gradient-based techniques. 
The LightCycler 480 Real-Time PCR System now 
features a new software analysis tool and reagent 
for PCR and HRM-based mutation scanning, 
turning it into the first fully integrated, high- 
throughput platform for this technique. When 
HRM is used to scan gene fragments, unknown 
sequence variations in heterozygous samples 
hhave melting curves that are shaped differently 
from those derived from homozygous samples. 
The LightCycler 480 High Resolution Melting 
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The Spectrafuge 24D Microcentrifuge Starter Pack includes all the tools necessary for 
microsample preparation. The Spectrafuge 24D Microcentrifuge combines innovations 
such 3s 3 unique, easy access rotor design with an exclusive mult-flow air cooling sys 
tem that keeps samples cool while maintaining quiet operation (less than 55 dBA). A 
digital microprocessor precisely regulates operation of the high-performance motor 
drive. The starter pack includes the Spectrafuge 24D digital microcentrifuge, the Spec 
trafuge mini-centrfuge, the Spectrafuge 24D StripSpin adapter for centrifugation of 
polymerase chain reaction strips, a 50-place microtube storage box, tube adapters for 
‘tunning 0.5:41 and 0.2-411 microtubes, and 500 Labnet 1.5: clear microtubes, 
Labnet International For information 732-417-0700 wa labnetlin.com 


Master contains a special DNA dye that binds to 
DNA without preference for sequence or confor 
‘mation. The dye gives rise to distinct melting sig 
‘nals that, when acquired at high resolution, can 
reveal subtle differences between wild-type and 
heterozygous samples, 

Roche Diagnostics For information 
317-521-2000 wor tghtcycler480.com 


systems Toxicology Software 
Genedata ToxPedia is computational software 
offering the opportunity to use systems toxicol 
ogy for drug safety prediction. Systems toxicol- 
‘ay has the potential to reduce costly failures in 
the late stages of drug development. To use it, 
scientists need to integrate toxicogenomic data 
‘with conventional toxicological end points. This 
integration enables a systematic search for clini: 
cally relevant molecular biomarkers that can be 
used to predict a compound's toxicity profile 
before expensive clinical trials ae started, 
Genedata For information +41 61 697 8510 
wnigenedata.com 


Literature 

Ease: Introducing PrepEase Purification Products is 
a brochure that describes a comprehensive tine of 
purification products for isolation of plasmids, 
DNA, RNA, and histidine-tagged proteins. The 
products are based on well-established and rel 

able methods of purification using anion exchange 
chromatography and silica membranes. 

‘USB Corporation For information 216-765-5000 

smnusbueb.com 


Neniy offered instrumentation, apparatus, and laboratory 
rmatrials of interest to researchers inal disciplines in aca- 
<emic, industrial, and goverment ergarization are featured 
inthis space. Emphasis is given to purpose, chil charactris- 
‘ics, and availability of products and materials. Endorsement 
by Science or AMS of any products or materials mentioned is 
‘ot implied. Aiton information may be obtained rom the 
manufacturer or spplier. 
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‘The Center for Remote Sensing of Ice Shocts 
(CReSIS) at the University of Kansas secks a fll- 
time ASSOCIATE DIRECTOR in education, 
‘outreach, and knowledge transier, The Associate 
Director will be expected to plan, implement, 
‘manage, and track iniatives of the center's educa” 
tion outreach and Knowledge tansfer programs. 
Day-to-day activities indude= recurring interaction 
‘with the center's graduate and undergraduate 
students; work with center staff to develop /maintain 
2 compelling web presence of the center, oversight 
‘of K-12 outreach; strengthen distance leaming cf: 
fons, manage summer rescarch expericncrs for un 
ddergraduates and international research experiences 
Programs; and manage graduate student recruit: 
nent. Making the center's science and technology 
development actiitics and peoducts highly visible, 
transparent, compelling, and accesible to 2 broad 
audience is critical, Secking additional funding by 
Proposal writing to support new initiatives is alo 
apected. Requires a Master's degree and five years 
Of related expericnce. Review of applications begins 
June 28, 2007, Salary rang: is $70,000 to $80,000. For 
2 complete desenpeion with complete ist of require: 
iments and to apply go to website: https://jobs. 
ku.edu and search for position number 00206340. 
Exgual Opporionty Affirmative Aaion Empl 


POSTDOCTORAL RESEARCH. Mentored 
teaching flowahipe avalible: Ofc for Di 
inv SckceTraming, “Unies 
Insttuonal Resarch and. Acatemic Carer Devel 
‘opment Award Program (IRACDA), Poudoctora 
flowshipe are avaiable through the NTHLIRACDA 
Program: This compechensne program offer thee 
year of support to outstanding candnatessccking 
Poudocord escarch traning slong with an oppor 
fay to oben mene aching eprint 
aya ial college in preparation Toran, a3 
Alemic carer. PhD. tn biomedial sences or related 
fc required. For compte deacripion an 3p 
{Gti varetions go te webaes hepe/ be. 
‘in postion #0000198. Revie of appications 
‘wil gn July 1, 2007, for appoanements Binning 
Shorty thowaftcr and will continue une penitons 
re Bild, tpl Oppo Aimatne At Employ 


TEXAS TECH UNIVERSITY HEALTH 
SCIENCES CENTER, Garrison Ins on 
Aging deparement, is accepting applications 
POSTDOCTORAL FELLOWSHIP to be availa. 
‘ble in steroid hormone biosynthesis. Candidate 
shoud have a Ph.D. and background in cellular 
and molecular biology and endocrinology. Esper: 
fence in gene knockout animal models is preferred. 
‘Send curriculum vitae to: Texas Tech University 
Health Sciences Center, Garrison Institute on 
Aging, 3601 th Street, Stop 9424, Lubbock, 
9430-9424. Fax: 806-743-3636; e-mail 
singjia.wang@ttuhsc.edu. For additional infor 
mation and to apply, log on to website: hetp:// 
jobs.texastech.cdu. TTUHSC & a Figual Employment 
Opporsinty/Affamance Action Employer. 
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Eeaivees 


SITIONS C 


ASSISTANT/ASSOCIATE PROFESSOR 
Neurophysiology 
‘The College of Veterinary Medicine at 
Nonth Carolina State Univesity in Ralsgh, Non 
Carina, announces a tenure track ficlty onl 
Sion in neurophysiology with an inital appoint 
sment at 70 percent resarch, 20 to 30 percent 
teaching, and sero to ten percent service 
spent yon erg ra ATH Dn 
Held e required. Candalares alwo having. 
Teaching eaperience ina veteriary 
onal curiclun are encouraged to ape 
Bis. To view the fall vacancy announcement, 
teh position responsibites and di 
quirements, and to apply, please ¥ 
swebsiter sed 
Fen Being accepred and the poston wil be 
‘open nil Age 15, 2007, of until a suitable 
iulidate is Wend, Questions about the 
putin can be directa vo: Dr, Lola Hudson, 
‘Search Committee Chair, College of Vet~ 
‘rinary Medicine, North Carolina State Uni- 
versity, 4700 Hillsborough Street, Kaleigh, 
NC 27606, e-mail: fola hudson@nes-cdi, 
Afimatve Acton Isa! Oppornnty Ligier bh 
‘on, NC Sue Unity eee eons 
‘eat rgd sex atin, Fr the did 
tds wih diy rgsang commode ple 
‘ons telephone: 919:515-3148, 


BIOLOGY: POSTDOCTORAL TEACHING 
FELLOWSHIP 
Begin August 2007 

The Department of Biologia Schnee atthe Un 
senty of the Scenes In Phadephia invites app 
“htons for a one-year (renewable). Tostdoctorl 
teaching flows, Thy pent teachings sven 

feent research. Teach a undergrad ntroictory 

is kt an brat, Sa tr 

ing by expend edixator alae, Ste 
pare wl oa adnan rach pray ahi 
Rs/MAP kinse siga tradcton in ruling 
Iie ahr, pont anfteretce Dope 
al eco aan cr 
alk (sce webalte:betp://www ap. edu/bloloy, 
trend hn ‘ur meee “ea "ine 4 

und wth expres oka logy, pets, 
Sint toch, special in oning. mano: 
istohemis, a conic miso i iy 
Adare: Appice should hae rece he D 
dtc within the st two jean in a ewan olopea 
Science. lee submit cover ter, cumcukim via, 
eps of graduate tancrpes and thre kta of 
iiss fr DM. eahing Podctonl, ew 
Sip othe Senco in Pipa, 600 8. 43 
Str, Philaddphia, PA'19104-4498. 
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SENIOR RESEARCH TECHNOLOGIST 
sought by Massichuscts General Hoyt to ead 
2 research projest that ams to deni the mol 
iar bass of Huntington's deste, Requires M.S. or 
‘crane in genetics, molecular biology, biochem 
inry, or neurobiology and two yean of adustry ex 
Pevloce. Must have expert in cach ofthe combined 
iscplncs above, inchading genetic manipulation and 
sone brecing, brain tee disecton, culture of 
Scuronal cell, manipulation of nucleic ack! in rel 
time polymers cha reaction analsex, complemer- 
tary DNA sand oligonucleoide microarray analy, 
sSfoning, fion_ protein preluction, imiinopre 
‘Spactiony sucrose density gradient’ factionation, 
igh performance liquid chromatography, develop 
ment and optimization of cel based says for high 
throughpar drug screens and expertise by Hunting, 
ton's dace. Uf qualified, snd resume to: Cheryl 
Crowley, Administration Manager, Molecular 
Nenrogenctics Unit, Center for Human Genetic 
Research, Massachusetts General Hospital, 185. 
(Cambridge Street, Cambridge, MA 02144. 
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NIAID Needs You 


Because The World Needs Us 


DIRECTOR, DIVISION OF ACQUIRED IMMUNODEFICIENCY 
SYNDROME (DAIDS), NIAID, NIH, DHHS 


The National Institute of Allergy & Infectious Diseases (NIAID) is seeking an exceptional and visionary leader for the position of Director, 
Division of Acquired immunodeficiency Syndrome (DAIDS). A $4.4 billion organization, NIAID supports over 100 major research programs 
and initiatives in three broad, distinct areas: biodefense, AIDS, and traditional immunologic and infectious diseases. 


DAIDS' mission is to increase basic knowledge of the pathogenesis, natural history, and transmission of HIV disease and to support research 
that promotes progress in its detection, treatment, and prevention. DAIDS accomplishes these goals and objectives through planning, 
implementing, managing, and evaluating programs in 1) fundamental basic research, 2) discovery and development of therapies for HIV infection 
and ts complications, and 3) discovery and development of vaccines and other prevention strategies. 


DADS is comprised of 18 Offices, Branches and Programs with approximately 180 scientific and administrative staff, The Division funds efforts 
through a comprehensive portfolio of research grants, cooperative agreements, and contracts with a. total annual budget of more than 
S900M. 


The Director, DAIDS reports to the Director, NIAID and provides overall executive direction and scientific leadership for DAIDS. Specifically, 
develops, directs, and coordinates DAIDS program activities; manages resource allocations to include staff, physical, and financial resources; 
‘maintains staff through recruitment, training, mentoring, and workplace diversity; and fosters a productive work environment. In addition, 
the successful cndidate will: serve as an advisor to the Director, NIAID on AIDS and HIV mission and research agenda; liaison with representatives 
of other major NIH Institutes and Centers, Federal and non-Federal agencies, intemational research organizations, professional societies, 
foundations, the media, and patient advocacy groups; establish and maintain esearch colaborations with industry and public sector organizations; 
and support and liaison with the AIDS Research Advisory Committee and the AIDS Vaccine Research Committee. 


The major thrust of the position is to provide scientific administrative and executive leadership. It may be possible for a candidate to 
have a laboratory presence in the NIAID Intramural Research Program. 


QUALIFICATIONS: Applicants must possess an M.D, Ph.D, or equivalent degree and mustdemonstrate the following 1) Experience working independently 
im planning, organizing, and conducting biomedical research in fields consistent with the mission of the NIAID and DAIDS (e.g. infectious 
diseases, HIV); and 2) Experience serving effectively in research program administration in these field, which must include managing policies 
and procedures associated with extramural research administration. This experience may be gained via senior level research experiences as a 
principal investigator, or may otherwise be gained though active involvement i initiating research projects, developing protocols, conducting 
studies, documenting findings, interpreting results in a published report (journal), supervising staff, and managing the budget. Preference will 
be given to those known and respected within their profession, both nationally and intemationally, as distinguished individuals of outstanding 
scientific competence and those that possess a record as @ senior scientific administrator/executive leader. 


APPLICATION PROCESS: Provide a Curriculum Vitae, bibliography, and a two page summary explaining 1) level of interest in 
‘the position and 2) administrative/executive skills in relation to leading change; leading people; producing results/making 
decisions; administering human, financial, and information resources; and building coalitions/communication. 

Submit package to: Ms. Lisa Poindexter Steed, Office of Workforce Effectiveness and Resources (OWER), NIAID, 10401 Femwood Road, Suite 
2SE57, Bethesda, Maryland 20817 and reference announcement number DDAIDS-07-01. The application review process will begin August 
24, 2007. Direct inquities to: Ms Poindexter Steed via emai: Isteed@niaie.nih.gov or at 301-496-9687. Infomation regarding the Institute is 
available on the NIAID website at www.niaid.nih.gov. All information provided by applicants wil remain confidential and will only be 
reviewed by authorized officials ofthe NIAID. Salary is commensurate with experience and a full package of benefits is avalable including 
retirement, health and life insurance, long term care insurance, leave, and savings plan (401K equivalent). This position is subject to a 
background investigation. 
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Tenure-Track Positions 
Liver Diseases Branch 


NIDDK ©) 


New Research Initiative~ Fatty Liver Disease & Obesity - Tenure Track Position: 

The Liver Diseases Branch of the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), National Institutes of Health 
(NIH) invites applications for one tenure track position from scientists interested in basic and/or clinical research involving non-alcoholic fatty 
liver disease and metabolic syndrome. Specific areas of research interest include pathogenesis and mechanism of metabolic derangement in non- 
alcoholic faty liver disease and its pathophysiological fink to insulin resistance and obesity. Priority will be given to applicants at the Assistant 
Professor level in traditional universities or those finishing their post-doctoral/fellowship positions. 


New Research Initiative~ Liver Stem Cells - Tenure Track Position: 

The Liver Discases Branch of the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), National Institutes of Health 
(NIH) invites applications for one tenure track position from scientists interested in basic and/or clinical rescarch involving mammalian adult 
stem cells, Specific areas of rescarch interést include functional differentiation and mechanism of development of adult tissue-derived stem cells, 
especially those of the liver, and potential clinical application of stem cell therapy in liver diseases. Priority will be given to applicants at the 
Assistant Professor level in traditional universities or those finishing their post-doctoral fellowship positions, 


The applicant must have a proven record of accomplishments and will be expected to propose and pursue'an independent research program in one 
of these fields. The position offers unparalleled opportunities for interdisciplinary collaboration within NIDDK and throughout NIH. The Liver 
Diseases Branch of NIDDK is located on the main intramural campus ofthe NIH in Bethesda, Maryland, a suburb of Washington, D.C, 


Interested applicants should send a Curriculum Vitae and list of publications, copies of three major publications, a summary of research accom- 
plishments, « plan for future research, and three letters of recommendation to Ms Michelle Brown, Search Committee, Liver Diseases Branch, 


NIDDK, Building 10-9B16, NII, Bethesda, MD. 20892-1800. Application deadline: September 15, 2007, 


Staff Scientist 
Laboratory of Infectious Diseases 
Respiratory Viruses Section 


id 


The National Institute of Allergy and Infectious Diseases, a major research 
component ofthe NIH and the Department of Health and Human Services, is 
recruiting a Staff Scientist. The position will be available in the Respiratory 
Viruses Section ofthe Laboratory of Infectious Diseases, and scientists with 3 
M.D. oc Ph.D. are eligible, The research activity involves 1) the development 
of live attenuated favivirus vaccine candidates and their evaluation in rodents 
and non-human primates as well as inthe cinical trials in humans; (2) the se 
of novel approaches for constriction of chitheric viruses to examine basic 
questions of viral pathogenesis and the molecular basis. Of attenuation of highly 
neuroviruent flaviviruses; (3) the evaluation ofthe imminologie determinants 
of resistance to infection and illness caused by these flaviviruses. This fll-time 
research positon offers a unique opportunity to work on investigations that rage 
from basic molecular biology to applied vaccinology. Staff Scientist applicants 
should have at leas six years of laboratory work experience in molecular virol- 
ogy and immunology; the salary range is $74,503 -$162,371. Preference will 
be given to candidates who have experience working with neurotropic viruses. 
Applicant should submit their curriculum vitae, a letter of research imerests, 
and names and addresses of three reterences to 


Alexander Pletney, NIH/NIALD/LID, 33 North Drive, Room 3W10A, 
Bethesda, MD 20892-3203, FAX: (301) 496-0501, email: apletnevi@ niaid. 
nih.gov. Review of applicants will begin on September 1, 2007 and continue 
until a successful candidate is identified 
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Staff Scientist 
Laboratory of Infectious Diseases 
Respiratory Viruses Section 


‘The National Instiute of Allergy and Infectious Diseases, a major research 
‘component ofthe NIH and the Department of Health and Human Services, is 
recruiting a Staff Scientist. The position will be available in the Respiratory 
Viruses Section of the Laboratory of Infectious Diseases, and scientists with a 
/MD..D.VM,orPh.D. arecligible. The research activity involves (1) examina- 
ton ofthe pathogenesis of pandemic and potential pandemic strains of influenza 
nd their evaldation in vitro and in experimental animals incliding the 1918 
influenza; (2) influenza viral genomics, and examination of viral evolution 
in fitness and host adaptation; and (3) the development of influenza clinical 
trials in humans. This full-time research position offers a unique opportunity 
fo work on investigations that range from basic molecular biology to clinical 
research. Stall’ Scientst applicants should have atleast six years of laboratory 
work experience in molecular and classical virology research; the salary range 
is $74,508 $162,371. Preference will be given to candidates who have experi- 
lence working with influenza viruses especially those with BSL3 experience. 
Applicants should submit their curiculum vitae, a letter of research ineress, 
and names and addresses of three references to: 


Jeffery K. Taubenberger, MD, PhD, Attn: A. LeCointe, NUH/NIAID/LID, 
‘Bldg 33/Room 3W02B, MSC 3203, 33 North Drive, Bethesda, MD 20892- 
3203, FAX: (301) 480-4509, email: lecointe@niaid.nih.gov 


Review of applicants will begin on July 2, 2007 and continue until a successful 
candidate is idemified. 


NIDDK © National Institutes of Diabetes and Digestive and Kidney Diseases 


We seek an outstanding scientist to direct a vigorous, innovative research program in Molecular Genetics in the Genetics 
and Endocrinology Section/Metabolic Diseases Branch. Applicants must have a demonstrated track record of significant 
publications that address identification and mechanisms of action of tumor genes, The successful candidate is expected to 
develop an independent, world-class research program complementary to current investigations within the Branch, The 
position comes with generous start up funds and on-going support. 


‘The Metabolic Diseases Branch of NIDDK is located on the main NIH campus in Bethesda, Maryland, a suburb of Wash- 
ington DC. The Branch represents interests similar in range to those of an academic department with groups studying 
G-proteins and hormone-secreting tumors including those mediated by the MEN! or HRPT2 genes in man. There are 
strong interactions among the three independent research groups, and the position offers unparalleled opportunities for 
interdisciplinary collaboration within NIDDK and throughout NIH. Applicants should submita curriculum vitae, bibli- 
ography, copies of three major publications, a summary of research accomplishments, a brief statement of future research 
goals, and arrange for three letters of reference to be sent t0: 


Dr, Dan Camerini-Otero, Chair, Search Committee, c/o Linda Robinson, NIDDK, 9000 Rockville Pike, Building 
5/Room 201, National Institutes of Health, Bethesda, MD 20892, E-mail: lindar@ mail.nih.gov, 


Application Deadline: July 15, 2007. 


Tenure-Track Position in Human Molecular Genetics 
National Institute of Diabetes and Digestive and Kidney Diseases 


We seek an outstanding scientist to direct a vigorous, innovative research program in the molecular genetics of human type 2 dia 
and/or obesity, ar as these diseases relate to the Pima Indian population of Arizona, Applicants must be highly motivated 
and havea rated track rec ca addres sant issues of discovery of genetic susceptibility fac- 
{ors to these conditions in human populations. The successful candidate is expected to develop an independent, world-class research 
program complementary to current investigations within the Phoenix Epidemiology and Clinical Research Branch (PECRB). 1 
position comes with generous start up funds and on-going support. 


The PECRB, NIDDK is located in downtown Phoenix, Arizona. The Brinch represents interests similar in range to those of an 
academic department, There are strong interactions among the independent research groups, and the position offers unparalleled 
opportunities for interdisciplinary collaboration within NIDDK and throughout NIH. Applicants should submit a curriculum vitae, 
bibliography, copies of three major publications. a summary of research accomplishments, a brief statement of future research goals, 
and arrange for three letters of reference to be sent to: 


Dr. Dan Camerini-Otero, Chair, Search Committee, c/o Linda Robinson, NIDDK, 9000 Rockville Pike, Building 5/Room 201, 
National Institutes of Health, Bethesda, MD 20892, e-mail: lindar@m: gov. 


Application Deadline: July 15, 2007. 
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Opportunities with 
Howard Hughes 
Medical Institute 


“The Howard Hughes Medical Institute (HHMD., 3 

ul international philanthropy devored to biomedieal re 
Science education, i seeking expenencal profesional to jan our 
new Science Education Allance (SEA) program at our Janelia 
Farm Research Campus in Ashburn, VA. For the frst several 
snonths, these positions wil be located at our headquarters in 
Chevy Chase, MD. 


The SEA program isan exciting ew initiative that promises to 

become a national resource for science education, SEAS fist major 

project wil he to develop a national genomics experiment 

Implemented as research-based laboratory courte for freshmen 

an sophomore-level undergraduate stulents. This program a0 
ve undergraduate currculs with tested 

to train snudents for 2Tst-centry science 

arse wil hein with tec nigues used 

y,avance through molecular bulogy ana en in 

informatics 


Program Officer 
In this key postion, the Program Officer will help develop and 
coordinets Ue nel tpetiaca. The Progra Olhcer wil 
sas in developing pukiclece or jurdcipacon tn SEA od 
eporopiets eng wortshops bor porspeting ocd teal 
Famal percents ewtfy mesa; tad uta prods wad 
coun is running: During the fee year Of program dew 
the Program Offcer wlll be requred wo spend onc diya werk 
cu of fae, Astnonaly he Propern fcc wil be 


posible for helping g trends in science 
faucation and help develop programs to disseminate science 
‘edlucation-related activities, methodologies, and resources. 


The idea candidate must ponsess a Ph.D. in the biological 
sciences or relate fick wih academic experience, excell 

t skills excellent critical thinking sil, proiient 
kil, demonstrate sil in anaing programs and 
people and th for strong and imaginaive leadership 
thou the fiture of homed sence ct 


Research Technician/Program Assistant 
Research ‘Technician/Progr: 
hy, assemble, and disnibute protocol 
to he used in faculty training and in 
course implementation of the national expenment. Addisons 
the Research Technici/Program Asastant will perform general 
office duties during off-peak times 


Assistant 


Tid il nas yas ial aa 

perenne pte 

ort elem ofan per] 
pel oe breton pee 

ap Seat, 

ee 

eetences 


‘organization with excellent salaries and benefits. Responses shou 
include your present postion, ad a brief summary ol 
‘accomplishments, Pl resumes 
1m at jobs@hhmi.org. Please include 
the job tite in the subject line. To Tearn more about HHMI and 
these positions, vist our Web site at www.hhmi.org: 


“The Howard Hughes Medical Institute isan Equal Opportunity 


HHMI 


HOWARD HUGHES MEDICAL INSTITUTE 


Biomedical Physics Research and Engineering 
Multiphoton Microscopy in Medical Endoscopy 


Located in Ithaca, NY, Comell University is a bold, innovative 
inclusive and dynamic teaching and research university where staff. 
faculty, coud students alike are challenged to make an enduring 
‘contribution to the betterment of husmusie 


Comell University, in collaboration with Weill Medical College 
‘Comell University, has undertaken the incorporation of Multiphoton 
Microscopy (MPM) into human Medical Endoscopies (US. Pat 
{6839.586), The integration of the established technology of MPM 
(US Patents $034,613, 6166385 and 644,653) into Medical 
Endoscopies utilizes the nonlinear excitation of the intrinsic 
Auorescence of tissues and their Second Harmonic Generation ( 
for high-resolution microscopic imaging in situ in real time for 
“optical biopsies” and during surgery, encompassing microscopy in 
traditional endoscopies. There are opportunities for optical physicists 
and engincers, and biophysicists and biomedical 
postdoctoral or research associate positions 
This research involves basic biophysical optics and instrumentation 
as well as design, development and testing of instrumentation, and its 
ation in applications, It also includes documentation of 
MPM/SHG endoscopy biopsy image comparisons with pathologists 
HAE preparations, Expense in Engineering and Biomedical Physics 
is required for this laser and microscopy optics instrument design 
challenge, preferably including proficiency in photophysics and 
biophy ses. 
Send cover letter and curriculum vita to: Prof, Watt W, Webb, 
School of Applied & Engineering Physics, Cornell University, 223 
‘Clark Hall, Ithaca, NY 14853-2501, Email: www2@ cornellcdu 


Cornell University 
Cord Ua en Brine Ain 
{ipa Opn Eng nl Er 


These tee words desrbe Fags moi technology They obo 
esc the highy energetic indus who make up cur team. Pug, 
tected in South Son Francia, seeks bright indi to complement our 
trom of research deveopmere ond buns! mancgenertrofevonath 


(Meteor Booey 

Devop now! apphations for the Fuidgm Digtal Array platform Raqures 
‘expenence with tandard molecu bology tecques Indodng wolaing RNA & 
DNA. PCR and hamageneous Morescent PCR assay, and sxcess developing! 
desiging procedures for commercal tomers. (Job Code: 2007-26-SCl) 


(se cor Biology) 
Invent & develop nave sppleatens for we wth exiting ard new Fuidgm tedinlogy 
pacorme. Requres experience wth standard molec ology techniques, ehh 
rude aot proteins and cali. ib experts, and experience with devce/rstrument 
devlopmert. (job Code: 2007-25-5Cl) 


BOTH postions require 1 PaO or quale in Molecdar Boogy Blochemistry or 
Cherry and 2+ year of experience in aay devopmere are commercalzaton. 


Wy sot consider working for one of Red Herings Top 100 
Private Companies! Fuidig cers an exiting work environment 

wh exert compenaton & benefits inchsing redPO stock 4 QO 
optors Reereeethe potion ted ade the bjt od | WME 
femal resume t: Jobs@ftuldigm.com. Fucigm wil ox accapt | WINNER 
‘resumes from 3rd parses EOE 


Fer mare irforaton on Pag and to 
vow a caret job opportune, plea vist: 


SS www.fluidigm.com 


NUS 


National University 
of Singapore 


Agency for 

Science, Technology 

and Research 
SNGAFORE 


Director of NUS/A*STAR Clinical Imaging 
Research Centre (CIRC), Singapore 


‘The National University of Singapore (NUS) School of Medicine, in conjunction with the government's 
Agency for Science, Technology & Research (A*STAR), is building a major research centre for 
in vivo imaging for clinical and translational medicine. The NUS/A*STAR Clinical Imaging Research 
Centre (CIRC) will procure and use state-of-the-art clinical imaging systems for investigations in 
human subjects, focusing particularly on diseases relevant in the region. 


‘A multi-million dollar investment has been committed to 
fund research staff, equipment and operational costs and, 
the first phase of procurement is underway. We now wish 
to appoint the first Director of CIRC to lead and develop 
this Program. The Director will report to a Management 
Committee, chaired by Professor Sir George Radda, 
‘comprising senior representatives from A*STAR and 
NUS. He/She will be responsible for devising the overall 
clinical research strategy, making new scientific 
appointments and for overseeing the procurement of new 
equipment (additional MRI and related technologies, 
PET-CT, SPECTCT, optical imaging, ultrasound) and the 
planned relocation in 2009 toa new buikiing at the NUS 
Yong Loo Lin School of Medicine. 


The location and research environment are ideal for 
interacting with scientists, clinicians, engineers and. 
IT/data processing staff belonging to: 


NUS Faculties of Engineering. Science, Information 
Technology. Medicine and Radiology. 


The University teaching hospital, 
ASSTAR's Singapore Institute for Clinical Sciences. 


Other A*STAR Research Institutes and consortia 
based in Biopolis including those engaged in 
Preclinical Imaging Research, Stem Cells, Genomics, 


NUS Faculties of Engineering. Science, Information 
Technology. Medicine and Radiology. 


The University teaching hospital. 
A*STAR's Singapore Institute for Clinical Sciences. 


Other A*STAR Research Institutes and consortia 
based in Biopolis including those engaged in 
Preclinical imaging Research, Stem Cells, Genomics, 
Molecular and Cell Biology, and Immunology. 


Equipment suppliers and Pharmaceutical Industry 
research groups. 


The RSA Group Pte Ltd, F 


The intention is to create one of the largest and 
best-equipped multidisciplinary centres for clinical 
research imaging in Asia that will become a national 
resource for research and training. 


We invite internationally-recognized investigators in 
the area of clinical imaging research to apply for the 
Directorship. Qualified to MD, PhD, or MD/PhD level, 
and from either an academic or industrial background, 
you must be able to demonstrate your ability to lead and 
‘una major programme in clinical imaging /transiational 
research and be able to link this to preclinical scientific 
findings. Preference will be given to applicants with a 
‘strong track record of publications in major journals, 
who have led a major research program and have built 
collaborations with other groups. Candidates will be 
offered a joint appointment at the National University 
of Singapore (professorial) and with A*STAR. The 
remuneration package will be highly competitive to 
reflect the national (and international) significance of 
this role. 


To discuss your interest, please contact Professor 
Sir George Radda (george.radda@dpag.ox.ac.uk or 
Reorge.radda@sbic.a-staredu.sg) or Dr Kevin Young 
(Kevin. Young@theRSAgroup.com), preferably enclosing 
your curriculum vitae. All applications will be treated in 
strict confidence. 

remuneration package will be highly competitive to 
‘reflect the national (and international) significance of 
this role. 


To discuss your interest, please contact Professor 
Sir George Radda (george.radda@dpag.ox.ac.uk or 
george radda@sbic.a-staredu.sg) or Dr Kevin Young, 
(Kevin. Young@theRSAgroup.com), preferably enclosing 


your curriculum vitae. All applications will be treated in 
strict confidence. 
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U.S. Department of Energy 
Office of Science 
Deputy for Programs 
Announcement #SES-SC-HQ-013 (kd) 


The US, Department of Energy's (DOE) Office of Science is seeking highly qualified candidates 
with outstanding scientific achievements to fill the Deputy for Programs position. The Office of 
Science is the single largest supporter of basic research in the physical sciences in the United States, 
ha 2007 budget of $38 billion. It oversees the Nation’s research programs in high-energy and 
nuclear physics, basic and fusion energy sciences, and biological, environmental and computational 
sciences, The Office of Science is the Federal Government's largest single funder of materials 
nd chemical seiences, and it supports unique and vital parts of U-S. research in climate change, 
geophysics, genomics life sciences, and science education. The Office of Science also manages 10 
‘World-class laboratories and oversees the construction and operation of some of the Nation's most 
advanced R&D user facilites, located at national laboratories and universities. These include particle 
‘sources, nanoscale science research centers, 
‘ncutron scattering facilities, bio-energy research centers, supercomputers and high-speed computer 
networks, More information on the Office of Science can be found at http/sclence.doe.gov 


‘The Deputy for Programs provides scientific and management oversight ofthe six program offices 
program activities are strategically conceived and executed: formulating and defend- 
nce budget request; establishing policies, plans, and procedures related 10 
tof the program offices; ensuring the research portfolio is integrated across the 
program offices with other DOE program offices and other Federal agencies; and representing the 
‘organization and make commitments foe the Department in discussions and msetings with high-level 
{government and private scctor officials. The position is within the ranks of the U 

Senior Executive Service (SES); members of the SES serve in key positions just below the top 
Presidential appointees, 


To apply for this position, please see the announcement and application instructions at http:// 
Jobscarch.usajobs.opm.gov/ses.asp wiser the vacancy announcement of #SES-SC-HQ-013 (kd), 
‘Qualified candidates are asked to submit their online applications by August 29, 2007, 


TECHNISCHE Leibniz-institut C} 
nest FEF Sriram COcRTD 


The Technische Universit Dresden TU Oressen) 
Faculty of Science 
Department of Chemisty and Food Chemisty 
and the 
Leitniz-Instia lar Polymerforschung Dresden e VP) 

‘establish with regard tthe Cente of Excelence Carte for Regenerative Therapies Oresden”(CRTD) 

‘new joint appoioted Wa ful Professorship (tenure) named 
-Biofunctional Polymeric Materials” 

‘and search for suitable candidates. The professorship willinvalve the scientific leadership ofthe IPF Research 

‘Arua “Bifunctional Polymer Materials” atthe Max-Bergmann- Cente for Biomaterials. 

‘The chair has to develop interdisciplinary approaches and wil link physical ané macromolecular chemistry 
‘and biochemistry with cell biology, biophysics and medicine. The research focus of the chair wil be the 
development of new stratagies for materals inspired by te increasing knowledge in life science. Particular, 
the modulation of specific tunctions of living tissue by bichytride and biomimetic polymeric materials and the 
lunderstandag and contol of interface interactions between living and artical systoms shall be scientifically 
‘explored. Inthe frame ofthe CRTO emphasis wil be put on bioactive matrices imatix engineering) which may 
Contribute to the control of stem and progenitor cells in vivo and m vivo to enable new therapeutical 
approach 

‘The chai i assigned to the Department of Chemistry and Food Chemisty of the TU Oreséen (focus Bio- 


‘The candidate shall be an international exper in ntrsiscipinay research in biomaterials and bo-ntertace 
phenomena, Personal management qualies as well as experience m research management, international 
o-aperatons, acquisiton and leadership of colaborative research projects and the potential to develop new 


‘esearch stuctues are desired. The 
Hochschulgeset in its current version. 
Applications from women are particulary welcome. The same apples to the disabled. The Applications wil be 
‘mage available to the invlved bosies of te TU Oresden and the IP. 

Please send the application with CV, description ofthe research concept, publication list, Sst of tied party 
funding and information about teaching experience 1 duly 13, 2007 to the Leibai-nssat fe Polymer- 
forschung Dresden e. V, Frau Prot. Dr B. Voit, Wissenschaftliche Direktovin, Hobe Strasse, D-O10E8 Dresden 
(Germany). 


icant have to full the employment conditions of $40 Sachsisches 


Endothelial Pathobiology 
Program 
University of Texas 
Medical Branch, Galveston 


The Department of Pathology, Univer- 
sity of Texas Medical Branch, Galves- 
ton, is seeking applications for a full 
professor to develop and lead the newly 


established Endothelial Pathobiology 
Program. 

‘The Endothelial Pathobiology Program 
will include at least eight full-time 
faculty members by September 2010. 
Members of the Program will inter- 


act with 
research is focused 
immunological, m 
toxicological, estati 
diseases in which the endothelium of 
the microvasculature play 
in pathogenesis, 


Iniversity scie 


scientific 
publications, experience in mentoring 
successful research careers, an estab- 


lished intemational reputation in the 
ficld of endothelial cell biology or patho- 
biology, and an active research program 
which employs cutting-edge technolo- 
gies and physiologically relevant models 
of microvasculature dysfuncti 


Experience in developing research pris 
orities, defining and pursuing research 
‘opportunities, and building collabora. 
tive research initiatives is essential, as 
is familiarity with research-based 
postgraduate and student research 
programs, 


Applicants should send a letter of inter 
est, statement of current and future 
research objectives, and curriculum 
Vitae 10: 

David H. Walker, M.D. 
Professor and Chair 
Department of Pathology 
Executive Director 
Center for Biodefense and 
Emerging Infectious Disease 
University of Texas Medical Branch, 


The Search Committee will begi 
ating applications July 15, 2007 and 
vill continue until a suitable candidate 


is identified. 


The University isan Equal 
Opportunity, Affirmative Action 
Emplover: All qualified applicams are 
encouraged to apply 


YSUTMB 


‘The University of Teas Medial Branch 


UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG 
OFFICE OF THE DEPUTY VICE-CHANCELLOR (RESEARCH) 


Institute for Human Evolution — 
Professor/Associate Professor/Senior Researcher 


and of South Africa and in close proximity to some of the most important hominid 
ld, The University holds extensive fosil collections of interationa significance and the institute for Human Evolution 
(HE) has been established to create acentralized, sustainable, vibrant centre of research excellence, The IHE isa University Institute which reports directly to 
Deputy Vise Chancellor (Research). The IHE encourages mult disciplinary research in palacoanthropology and national 3 
ly has approsimately 12 associate members, who hold teachin 
E in a building dedicated to the IHE and cognate disciplines. 
Je University wishes to make one or more senior appointments in the IHE. AC the fll or Associate Professor level, these would be permanent appointments, 
subject tothe usual these year probation period. At the Senior Researcher level, the appointment would be for three years, 
Qualifications, experience and attributes, 
Professor/ Associate Professor 
‘PhD and postdoctoral experience inthe Field, with a strong record of outputs in internationally recognized publications 
other forms of peer recognition, eg awards, invitations to international conferences, holMing office in learned societies, advisory roles w Government 
the ability to inspire research excellence and to participate in building 2 common vision ofthe IHE, in an ethos of collegiality, openness and mutual 
support 
the ability to work with top scholars from around the world 
proven suecessin Fundraising 
well developed managerial skills 
ve and commitment to participate in developing an internationally ace 
the ability to cultivate multi-disciplinary research projets 
clearly envisaged research programme 


ong African focus 


Senior Researcher 


‘4 PhD and postdoctoral experience inthe fiekd 
a good research record, a reflected in recognized publications 
fundraising ability 
ability to work collaboratively 
a commitment 1 researchexcellence 
‘clear research proposal 

Directorship of the IHE 

The senior successful candidate in the Professor/ Associate Professor category may also be asked to assume the position of Director of the IME, The major 

functions of this postion would be 
to develop and lead the IHE in accordance withthe Business Plan of the Institute 
to create a supportive environment for researchers and postgraduate stents 
todevelop and direct an Institute that enjoys an intemational reputation for research excellence 
to beur responsibility, together with the University’s Collections Curator, forall hominid fossils and associated faunal and floral 
fossils 
to raise funds, in particular endowment funds, forthe sustainable 
to work with the South African Heritage Resource Agency and Goverment departments of agencies to help shape the legislative 
and regulatory environment in ways that might benefit the science of palacoanthropology 
to promote public awareness ofthe work f the IHE 

+ todireet and be secountable forthe Finacial management and general administration of the IME 


Remuneration and conditions of service 


A competitive salary package ison offer together with generous leave and a relocation and stiling-in allowance. The salary of a successful 
‘who was also a to the Directorship would be supplemented. 


Applications and further information 
ils of the Directorship and the IHE are available at http://w ww. witse-za/research Personal enguities may be directed to Professor B 

Bozzol, Deputy Vice-Chancellor (Research) on tel. no, +27 11 717 I1S1 (GMT+t hour, of belinda bozz0l wits. ac-2a 

Applications may be made electronically or by conventional mailto 

Me $ Harduth 

HR Manager 

University of the Witwatersrand 

Johannesburg Private Bag 3 

PO Wits 2080 

Republic of South Africa 

suudesh.harduth@ witsac.e 

Applicants should indicate whether they would be interested in assuming the Directorship role and should include statement 

in support ofthe application, fll curriculum vita (inching a publication list) andthe names of four referees who may be 

contacted by Wits 

Applicants not hase in Johannesburg wil e expected to make themselves available for interview, preferably in person, but in sae 

default by video o telephone conference VW 

The closing date for applications will be Friday 29 June 2007 ix 
Only applicants who are short-listed willbe contacted = 
Committed to excellence and equity fe 


www.wits.ac.za Wits gives you the edge 


Science Careers 


Medical 
Center 


CHAIR OF PHARMACOLOGY 
POSITION AVAILABLE 


The Ohio State University College of Medicine Department of Pharmac 
dynamic leader forthe position of Chair of Pharmacology 


y secks an energctic and 


The Ohio State University Medical Center leads the region with nine specialties named as among the 
best in America in the latest US. News & World Report magazine, and the OSU College of Medicine 
is ranked 32nd by USNWR, making it one of the best public academic medical centers in the US. 
The OSU Medical Center has seen dramatic growth in its research programs in recent years, both in 
funding and in impact. Faculty at Ohio State today hold more than $182 million in extemal research 
funding, all focused on finding the causes of disease and injury, their progression, optimum treatment 
‘and ~ wherever possible — their prevention. The completion of the Biomedical Research Tower has 
added 10 floors and! 180,000 square feet of lab space needed for continued growth. The cancer program 
has a NCI sponsored phase 1 UIO! and phase It NO1 early trials grant which links closely clinician 
nt of Pharmacology. Additionally there isa close collaboration between the 
ey and Department of Pharmacology 
The Department of Pharmacology consists of 15 faculty members, serving as the home for the OSU 
program in Pharmacogenomics ada clinica trials division. Faculty research taets CNS pharmacology, 
‘cancer, and cardiovascular discase, with a strong group of investigators focusing on drug addiction 
The candidate for Chair should have an excellent scholarly track record in basic biomedical sciences 
andor translational research, demonstrated ability to attract extramural funding. and adeninistrative 
experienc 
The candidate will be expected to provide strong leadership in building an outstanding pharmaco! 
‘ogy department, integrating basic and clinical research. The successful candidate will be expected to 
iu! oF foster collaborative programs in support of strategic priorities of the medical centr, including 
neuroscience, hear, cancer, ertical care, transplantation, and imaging. OSUMC is continuing to invest 
heavily in the growth ofthe biomedical departmcnts within the SOM and is willing to commit significant 
resources towards a Visionary Chair's efforts to develop the Department of Pharmacology 
This is full-time tenure track position. Applicants should subynit a C.V. and a description of their 
accomplishments and current focus and goals to: Michael Ostrowski, PAD Chair Search Committee 
for Chair of Pharmacology, 333 Hamilton Hall, 1645 Neil Avenue, Columbus, OH 43210; E-mail: 
michacLostrawskiar osume.edu, 


The Ohio State University isan Equal Opportunity Employer 


OY emaaatarors | 7A merece 
Faculty Positions in 
Cardiovascular Medicine 
and Research 


The University of Massachusetts Schoo! of 
Medicine and The UMass Memorial Medical 
Center Heart and Vascular Center of Excellence 
announce a major investment in Cardiovasc 
lar Rescarch, We are seeking candidates atthe 
Assistant, Associate, and Full Professor levels, 
for faculty positions that will involve substan- 
tial independent esearch ina newly renovated, 
state-of-the-art facility: Successful candidates 
will be expected 10 either establish or expand 
an independently funded research program 
and contribute to the clinical and/or education 
‘missions of UMass Medical Center. Sucessfu 
applicants will have demonstrated expertise in 
research relevant to cardiovascular disease, & 
record of high-quality publication, and possess 
citer at M.D or Ph.D. degree. Salary, start-up 
funds, and space will be commensurate with 
experience and avademic achievement 


Please submit a cover letter, CV, a 
references to 

Joho F, Keaney, Je, MD 

Chief of Cardiovascular Medicine 

UMass Memorial Medical Center 

Lake Avenue North, Room S3-N66 
‘Worcester, MA, 01685 

‘or by email to Chase a@ummhe.org, 


The University of Massachusetts and UMass 
Memorial Healthcare are 
Equal Opportunity Employers 


Faculty Positions ~ Areas of Focus 
Processes of Aging 
Mechanisms of normal aging including ifespan determination. 
cell aging and cel fate. Genetic, biochemical and physiological 
earch ‘mechanisms, Evolution of aging and population genetic and 
thodemographic approachcs 
Reseurch Focts Code E-PA 


Diseases of Aging 
Mechanisms involved in age-related discases and therapeutic 
intersentions in areas such as nurodegenerative and cerebro 


Buck Institute 


grams concerned with tv 


\ascular disease, cancer. diabetes or ther metabolic disorders 
undamental issue osteoporosis, arthritis, and cardiovascular disease wlizing cther 
in vitro oF in vivo invertebrate o vertebrate model systems 


4. The Nature of the Aging Research Focus Code PDA 
Fes Technological Approaches 
IUGR Siaic-ofthe-art methodological approaches to biological prob 
Age-Associated lems relevant to aging or age-related disease. Target areas include 
Disease computational biology structural biophysics, mass spectromet. 
chhemisty, cell biol 
only 


lely on Interested Applicants must 
se topics, the Buck hold a PhD and/or MD 
degree and should submit 
collaborati a their curriculum vitae 
T 4 statement of research 
interests and the names of 
thre references to: Faculty 
Search Committee, Buck 
Institute for Age Research, 
Human Resources, 800 
Redwood Blvd... Novato, 
og) CA, 94945 0 by email 0 

five in the U HRia buckinstitwteorg 


Indicate Research Focus 
Code on CV, cover letter 
or email. No phone calls 
please. Review of applica: 
tions will begin on July 
15, 2007 and continue until 
the postions ae filed. The 
Buck Institute is an Afra 
tive Action, Equal Opporty 
nity Emplover. Wiomen and 
minorities are especially 


tute supports a highly 


fe on Aging ha: 
gnated the Buck 


encouraged 10 appl: 


You got 
the offer 
you always 
dreamed of. 


Now what? 


wwwsciencecareers.org 


ScienceCareers.org, 


We know science 


FACULTY OF HEALTH SCIENCES 


UNIVERSITY OF COPENHAGEN 


Are you the next to join us ? 


“With a donation of DKK 600 million from the Novo 
Nordisk Foundation we will build a new centre for protein 
‘esearch ~ profiling Denmark's capital as a global hot spot 
for Health Science” says the Dean of the Faculty of Health 
Sciences, Professor Ulla Wewer. 


“The Novo Nordisk Foundation Center for Protein 
Research® opens by the fall 2008 and will have a staff of 
about 100 constituting 5 internationally strong and 
frontline research groups. A particular attraction is the 


‘Two of the research teams will be headed by two interna- 
1ding and highly profiled researchers, Professor 
‘Mann who will focus on MS-based proteomics in 
ell signalling, differentiation and disease and Professor 
‘Seren Brunak who will focus on disease systems biology. 


Within the next 1-2 years the Center will be recruiting 3 
more excellent P's focusing on protein research in disease 
‘and therapeutics ~ favourable start up packages will be 
provided. We will advertise later this year. For more. 


Center's core facility, where researchers can have proteins 
designed, produced and purified. 


details see our home pay 


ttpu/healthscience.ku dk/research/proteincenter 
The managing director will be Michael Sundstrom, who 


will also be in charge of the core facility, ‘Any questions to the Dean: SUNDdekan@adm.ku.dk 


EMBL :. 


ation with its 


The European Molecular Biology Laboratory (EMBL) is an international research 
Headquarters Laboratory in Heidelberg, Germany and four additional Units in Hinxton (the European 
Bioinformatics Institute, EBL), Grenoble, Hamburg, and Monterotondo. For our Outstation in Grenoble 
we have w sucuney for a 


Staff Scientist 


New SAXS Beamline at the ESRF at EMBL, France 


‘Asclentist is required to join a team within the Partnership for Structural Biology (http//psb.esrttr) 
Which is establishing a unique and integrated SAXS-SANS platform, making use of the intense 
synchrotron X-ray and neutron beams of respectively the ERSF and ILL. The successful candidate 
will be responsible for construction, commissioning and user support of a new state-of-the-art 


SAXS beamline, dedicated to biology, to be built on undulator beamline (014-EHS at the ESRF. EMBL is an inclusive, equal 


The beamline will cater to the growing needs of the European structural biology community who opportunity employer offering 

wish to combine SAXS studies with crystallography and other techniques. He/She wil benefit attractive conditions and 

from strong technical support from the ESRF MX and Soft Condensed Matter groups and other benefits appropriate to an 

ESRF services as well as the EMBL Grenoble diffraction instrumentation group. In addition there _intemational research 

will be a strong collaboration with the SAXS scientists from the EMBL Hamburg Outstation both organisation. 

to transfer expertise and to provide test facilities during the conception and construction phase 

of the future SAXS beamline at Petra ill in Hamburg. To apply. please send an 
English CV inducing names 


‘and addresses of referees) 
‘and covering letter, by emai, 
‘quoting ref. no. $/07/068 in 
the subject line, to: 
Spplication@embl.de 


www.embl.org 


Applicants are expected to hold a PhD in a related specialisation and have postdoctoral experi- 
ence in instrumentation and software for small-angle scattering in physics, chemistry or biology, 
preferably at a synchrotron. At least some knowledge of, and demonstrable interest in, biology 
is required. Candidates must demonstrate organisational and communication skits, as well as 
the ability to work in a complex, intemational environment. Finally. the incumbent will be strong 
in the use of computers (MS Office) and fluent in English, and will preferably speak basic French 
or better. 


Science Careers 


Gy MAYO CLINIC 


Cancer Immunology or Immunotherapy 
(Assistant Professor/Associate Professor/Professor) 


Rochester, Minnesota 


The Mayo Clnie Comprenensve Cancer Certer seeks two independent cancer 
Immunology andr enmunotrerapy inesbgato’s to develop eterraboraby 
ampabine ang extramural furdes researen programs onthe Rochester, 

MN campus. Te Inmunolgy/Immunetnerapy Pogram ofthe Cancer Certer 
Inchides 3 indepencert mestgatrs. conducting base ciscovery and 
Yanslational esearch relating to the enmunclogy of cancer ac carer therapy 
tn the Rocrestr, Aruora, ana Jacksorile campuses. We ae seeing 
‘alleges who share out commitment to advance basic understanding of 
Immunobiology andto varalae these advances to rove treatments of 
cancer. vestigate focusing onthe logy of reconsbtution oe mene 
system or the use of system Didogy stateges forthe evalaten of he human 
Invmune responses ae parteulry encourage to aol. Very competive 
levels ef startup ano sustained itramural undeg wi be provided to suppor. 
these new esearch programs. 

To learn mote about tne Mayo Cie Comprehensive Cancer Center, Mayo 
‘lini, and Rochester, MN, lease vist www.mayetine.og, wwrmamayo.ed, 
na htp://eancereentermaye.08i/ 

Appleants shoud send ther erreur veae, a description of seach foes, 
14 the names of re etereces to 

Lary R Pease, PRD. 

Professor and Cha, Oepartment of mmunology, Mayo Cink Cotege of 
Medeine and Co-Director, Immunology and immunotherapy Program 

aye GinieComprenensive Cancer Center 

Mayo Chale 

200 1st Steet SW, Rochester, MN 55905 

May oat am tine ei ne cpayet n ea 

Pest oer meempoyment ong sowenng aaa 


YALE UNIVERSITY 
School of Forestry & Environmental Studies 
‘School of Architecture 


Junior Faculty Position in 
Sustainable Design and Development 


Yale University’s School of Forestry & Environmental Stuies and School of 
Architecture seck applicants for an unprecedented join ladder level Assistant 
Professorship in Sustainable Design and Development, with an emphasis on 
‘the urban environment. More specifically, we seck individuals who have exper- 
tise, orthe potcatal to establish this expertise, nthe management and desig 
‘of urban environmental systems and urban ecological infrastructures with 
focus onthe neighborhood and community scale rather than the building and 
site scale. Candidates should not only demonstrate an interest in minimizing 
adverse environmental impacts of urban development but aso in enhancing 
‘beneficial human connections to natural systems urban areas. The successfil 
‘candidate willbe expected to advise, supervise and instruct both environmental 
studies and architecture studen’, offering lecture, seminar and or project-based 
‘courses in areas such as sustainable design and development, urban design, 
urban ecology, landscape coology and design, and restoration of urban env 
ronmental systems. This person will be expected to assume a leadership 
in the rocenly established School of Forestry & Environmental Studies and 
School of Architecture joint Mastct's Degree program. We prefer acandidate 
with advanced training in any ofthe following fields: sustainable design and 
development, urban design, landscape ecology and design. urban ecology 
architecture, or allied fields 
Applicants should send a curiculum vitae; statement of research, teaching 
nd or professional practice interests: two representative examples of research 
‘or professional publications and or design work; and alist of thrce references 
to: Professor Stephen R. Kellert, Vale University, School of Forestry & 

‘avironmental Studies, 208 Prospect Sirect, New Haven, CTO6SII,USA, 
and Professor James Axley, Vale University, School of Architecture, 180 
York Street, New Haven, CT 06811, USA. The deadline for applications 
is duly 15, 2007, 

Yale University is an Affirmative Action Equal Opportunity Emplover 
Men and women of diverse racial/ethnic backgrounds and cultun 
‘are encouraged to apps 


University Hospitals 
Case Medical Center 


Chief, Endocrinology and 
Director, of the Diabetes Center 


The Department of Medicine at Case Westem Reserve University School 
of Medicine and University Hospitals Case Medi 

applicants for Chi 

betes and Obesity Center. The Division has 15 full-time faculty members 
rroviding patient care at University Hospitals Case Medical Center, the 
Cleveland Wade Park Veterans Administration Hospital, and outpatient 
satellite centers, The Division has current, robust basic, translational and 
clinical research programs, Its educational program includes University 
Hospitals Case Medical Center and the Wade Park Veterans Admin- 
{stration Hospital, with $ fellows. The successful candidate will have 
W outstanding record of scholarly achievements, sustained extramural 
research funding, along with proven leadership, mentoring and admin- 
istrative abilities, He’she should qualify forthe rank of Professor with 
tenure at Case. A strong commitment to continuing to lead the Division 
in national promi h building imterdisciplinary programs as 
Diabetes and Obesity Center Director is expected. 


Interested candidates should submit their curriculum vitae and a letter 
describing theirresearch, teaching, service and administrative experience 
to: Robert A. Salata, MD, Chair, Endocrinology Division and Direc- 
tor of the Diabetes and Obesity Center Chief Seareh Committee, 
Chief, Infectious Diseases, Department of Medicine, Case Western 
Reserve University, University Hospitals Case Medical Center, 11100 

Cleveland, OH, 44106-5083. Electronic format preferred 


Case Western Reserve Universiny/University Hospitals Case Medical 
Center are Equal Opportunity/Affirmative Action Employers. 


Intern Max Planck 
Research School 
PhD Program in 
Structure and Function of Bi 


logical 


Max Planck Institute of Biophysics 
Max Planck Institute of Brain Resea 
Goethe Univer 
Frankfurt am Main, 


ch 


‘ermany 


Several PAD fellowships are available in the Intemational Max Planck 
Research Schoo! in Frankfurt, The two Max Planck Institutes and research 
groups at Frankfurt Universit offer a unique environment forthe study of 
biological membranes and membrane proteins. PAD opportunities exit i 
‘nicrnationally leading laborateies in the areas of membrane protein sinctte 
ddtcrmination, membrane biochemistry, molecular biology, and functional 
‘Stdics by electrmphysiological and spectroscopic methods, computational 
biophysics and structural bioinformatics, ax well as studies of whole 
icmbeanes, cells and organelles 


Highly qualified candidates with degrees in biochemistry chemistry, physics, 
apply forthe ne 


from the website ofthe Research School at wwsmpibp-frankfurt mpde! 
school. Completed application forms and two letters of reference 

Should arrive ao later than 31 July 2007. 

For further details please contact 

De Janet Vonck 

MPI of Biophysics 

Mas.von-Lave-St. 3 

'D-60438 Frankfurt am Main, 

Germany 

“Tel. +49 (0)69-6303-3004/3001 Fax: +49 (0)69-6303 3002 

E-mail: Research School@ frankfurt.mpg de 


: 
Inserm hosting iy ‘ 
EArOneAM Research Council Inserm - 


Pureates ilmeecc wnaecemernn 


In the frame of the ERC’s Starting and Advanced grants of the FP7 of the European union, Inserm, the only 


French biomedical research organization, offers an attractive and stimulating environment including: 


attractive salary (up to € 7,000 monthly) with a potential tenure career track} 


research centers with critical mass and multidisciplinary dimension for innovative research, in close relationship 
with university hospitals; 


full range of performing research infrastructures to support leading edge research activities; 
strong partnerships with both French academic and industrial partners providing fruitful interfaces; 
a tradition of innovation and technology transfer with the sipport of its private subsidiary Inserm Transfert; 


a strong experience in European and international projects, including recognized know-how in administrative 
and financial management. 


For more information about Inserm for your ERC submission, please contact: 


Department of Regional and European * * Website of Inserm: 
Rar ee ee tolec.Insermr Mchardsalveegicbiecinsomst " wywinserm.fr7en/inserm 
—— 


Imperial College 
London 


100 


Division of Col & Molecular Biology 


Lecturer/Senior Lecturer in Bacterial Infection 


Lecturer £37,740 to £42,150, 
‘Senior Lecturer Starting Salary £46,560 


We are seeking o strengthen our partioto in bacterial infection by making an academic appoiniment at Lecturer/Senior Lecturer level 
to}pin the Cente for Molecular Microbiology & Infection (CMMI; htip:Jwwwa imperial ac uklemm) within the Division of Col & 
‘Molecular Biology hip:www/.imperia ac. N/Hfesciences/hsionsicetandmolacularbiology 


‘You should have a strong publication record and have demonstrable biltyipotentil to directa compeliive Independent research 
‘programme in any fled of bactrial infection. This should Keally complement and enhance our existing actvies in bacterial 
pathogenesis, secretion and virulence, regulation of gene expression, toxins, bioflms and imaging of infection. You would also 
‘contribute to our undergraduate teaching programme. 


‘Biological Sciences at Imperial College was graded 5* in the 2001 RAE exercise, and the South Kensington Campus has newly 
rofurbished laboratories wih access lo state ofthe at facies for modern biological research, Further detals and an application 
form can be obtained trom the college employment webste: 


itp imperial ac ule 


Candidates should submit the completed appicaton form with a currculum vitae, statement of research interests and names and 
‘dresses of three reerves fo Paticia Evans, Divsion of Cel & Meseculr Bliogy. Biochemistry bulding, Inperl Callege London, 
London, SW7 2AZ (pat.evanst@imperal.a ut). nkormal enqulies canbe made to Prot Gad Frankel (j Fankel@imperaL.c Uk), Prof 
‘ain Flioux(iloweGibem.crs- ms.) or Prot Murray Sokrk (m.sekirkimpera.2c sk). 


Closing date: 6 July 2007. 
\Valing dversty and commited to equaity of opportunity 


If it’s the 
and you're after, 
don’t miss the life science technology 


features in 


June 22—Cell Signaling 2 
August 24—Microarray Technologies 
October 19—Genomics 2 


Teaching Assistant Professor Positions 
in Genetics, Cell Biology, and Development 


The Departinent of Genetics, Cell Biology and Development atthe College 
‘of Biological Sciences (CBS) at the University of Minnesota ~ Twin Cities 
invites applications For twonew Teaching Assistant Professor positions. CBS 
is committed to excellence in undergraduate education and the 
applicants will join a dynamic team whose primary focus is quality instruc 
tion and the scholarship of teaching and learning in the biological sciences 
These are regular positions that emphasize teaching, course development 
and scholarship associated with college teaching. The successful applicants 
Will teach genetics and other courses, work with a team of colleagues to 
develop innovative methods foe undergraduate instruction, and engage in 
research and publication related to teaching and curriculurn developement 
Opportunities also exist for conducting bench research in collaboration with 
existing laboratories in the department. Both positions involve teaching a 
tenetics laboratory course, as well as upper division genetics lecture-based 
‘courses. One position also emphasizes cell biology and the other emphasizes 
developmental biology. This latter position involves the design and imple 


mentation of a developmental biology laboratory. Essential qualifications 
for both positions include a Ph.D. in the biological sciences, of a related 
discipline, and a least two years of post-doctoral experience. 


A significant background in undergraduate teaching is require, wit strong 
‘ora and written communication skills, clear interest in teaching and the 
scientific stay of teaching, and the ability 19 Work as part of 3 team 10 
develop course content, For more inform 

College of Biolog 

Intp:/www cbs 

Please apply on-line at: https/emph 


Faculty Position 
Mitochondrial Biology 
Interdisciplinary Age Research 


The Buck Institute secks to recruit a Faculty member working in the 
‘of Mitochondrial Biology and or Function, Outstanding junior or 


scientists are encouraged to apply. The appoinument can be made at the 
Assistant/Associate or Full Professor level. Candidates with an interest 
in Mitochondrial Physiology and those using imaging approaches are 
particularly encouraged to apply. The successful candidate will play a 


Ieadership role in developing collaborative inlerdisciplinary programs 
with other Institute Faculty in areas including, but not limited to, the 
biology of aging. cancer and neuredegencrative disease. Research in 
these areas is supported by advanced technology cores, including a 
state-of-the-art imaging facility equipped with fluorescence, two-photon 


‘confocal and electron microscopy. The Buck Institue is an independent 
rescarch institute located 20 miles north of San Francisco whose research 
mmission is to understand the mechanisms of aging and age-related dis- 
‘ease, The Institute fosters an interdisciplinary and highly collaborative 


research environment, with expertise in chemistry, biology, proteomics, 
stem cells and genetics of model systems. 
Research Focus Code F-MITP 


Interested Applicants must hold a PhD and/or MD degree and should 
submit their curriculum vitac, a statement of research interests and 
the names of three references to: Faculty Search Committce/Mito- 
chondrial Biology, Buck Institute for Age Research, Human 
Resources, 8001 Redwood Blvd, Novato, CA, 94945 or by email 10 
HRa buckinstitute.org 


Requisition #148390, Attach a cover letter, curriculum vitae tree letters 
recommendation, and a statement of your teaching philosophy. Review of 
‘completed applications will begin on October 15, 2007 and will continue 
tnt the positions are filled. We welcome applications from women and 
lunder-represcnted groups inthe biological scicnces. Preferred stating date 
June 1, 2008 (beginning of 2008 Summer Semester. 


The University of Minnesota is an Equal Opportui 
Educator and Emplover 


Indicate Research Focus Code on CV, cover letter or email, No phone 
calls please. Review of applications will begin on July 18, 2007 and 
continue until the positions are fille. 

The Buck Institute is an Affirmative Action, Equal Opportunity 
Employer. Women and minorities are especially encouraged to appl 


www.buckinstitute.org 


PHARMACOGENETICS / PHARMACOGENOMICS 


The Wadsworth Center is launching a broad new initiative in Pharmacogenomics as part of a 
multi-institutional research effort to develop pharmacogenomics in the Albany, NY region. Wadsworth 
Center invites applications from associate or full professor level scientists for a New York 
State-supported, tenure-track position in Pharmacogenomics. The successful candidate will expand his 
or her current grant-funded research program in any areas of this developing field, including 
genome-wide and/or mechanistic studies, with examples being studies on drug transporters and 
metabolizing enzymes. The candidate will have an opportunity to mentor graduate students through 
the School of Public Health, University at Albany. The Wadsworth Center provides a rich collaborative 
environment for pharmacogenomics research, focused on molecular, cellular, and genetic aspects of 
disease and theirimpact on human health. A competitive package of salary, benefits,and start-up funds 
is available. 


Wadsworth Center enjoys a century of excellence as a research-intensive institution and is the country’s 
most comprehensive state public health laboratory. With 200 doctoral level scientists, and an array of 
outstanding core facilities, Wadsworth provides a dynamic research environment. Its location in Albany, 
NY, offers a wide range of cultural and recreational attractions and proximity to New York City, Boston, 
and Montreal. 


ACVand statement of research interests and future plans should | Wadsworth Center| 
be sent to kaminsky@wadsworth.org by August 1,2007. AA/ECE  Raldembeelieheldahel 


New York State Department of Health 


5 
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www.wadsworth.org _ Science in the Pursuit of Health® 
2005 Best Pl Academia 2006 Best Places to Wor! 


es to Wor! for Postdocs 


Scientific Officers 


The Howard Hughes Medical Institute (HHMI, HHMI is an intellectually exciting organization with 
1 national and international philanthropy devoted excellent salaries and benefits, Interested candidates 
biomedical research, is seeking a Scientific Officer (or should send curriculum vitae and bibliography, a brief 
Senior Scientific Officer) at our headquarters in Chevy statement of scientific experience and accomplishments 
Chase, MD. Scientific Officers have administrative prior to August 15th, cither electronically to 


responsibility for activities associated with HHMI's glotfel@hhmi.org or by mail, 1: 


medical research operations at over 60 institutions across 


Jack E. Dixon, Ph.D. 


the country, These activities inelu 
snent of HHMI 


ator reviews, and science meetings and 


participatin 


investigator compet 


resident and Chief Sciemtific Off 


7 


Howard Hughes Medical Institute 


The Scientific Officer (or Se 
possess a Ph.D. and/or M.D. plusat least 10 years 


Scientific Officer) must 4000 Jones Bridge Road 
Chevy Chase, MD 20815-6789 
research experience in the life sciences or the physical 


sciences, including experience asa principal investigator The Howard Hughes Medical Institute is an Equal 


of grants, a record of publications in peer-reviewed Orasrtindy Beaplivec 


journals, and some administrative experience. Travel to 


HHMI 


HOWARD HUGHES MEDICAL INSTITUTE 


host institutions is required. 


A POSTDOCTORAL POSITION is svalabe 


to study endocytosis and intracelhlar trafficking 
the dopamine teanyporter. Rescarch will invave 
ch 


Fi melon Ss gral 
oan Mars W h at’s ddadates with ame fnimolcniir boloay el cs 


perience or interest in neuroscience are welcome 
‘ 


to life sciences your he = Pogiatan 
Frcs, next it 

——— 
CATCO]M || ys enrrrmeieetee tae 
move? 


ry areal Send application 
"A: Kiron, email skirov@ 
Georgia. Dera, 
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squire: Master's in chemistry 
° rar experience in job, Sen 
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* Career Forum j} 
mca es CareSE RAT: epcee enema 
Peens fen Sas90be8t_ wren 
. 
praca EZBiolab www.ezbiolab.com 
rograms Custom Peptide omg 90%: $19.59/aa 
All of these features p ‘AB Production $785 peptide included 
are FREE to job seekers. © Meetings and Gene Synthesis $1.20%0p 
Announcements siRNA 20 nmol PAGE purified: $285 


Oligo Synthesis Columns 


© Columns For All Synthesizers 
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4, HotStart-IT.” 
Less Heat. No DNA Damage. 


We couldn't be more specific. 


UsB's novel hot start PCR method requires no extensive heat denaturation step. The result is no damage to precious 
samples with increased specificity and yield, HotStart-(T™: highly sensitive to all your critical PCR applications. 
HotStart-IT™ Taq DNA Polymerase Benefits 
© Based on primer sequestration—a novel method High Sensitivity 
developed by USB scientists 
* Unique protein binds primers to prevent mispriming 
are released during heat denaturation 


Jetects <10 target copies 
mamic range of 7-8 orders of magnitude, R?> 0.95 


© Multiple instrument compatibility 


Increased specificity of HotStart-1T™ Real-time PCR trom 10* copies down toa single copy target using HotStart-IT™ 
Tag DNA Polymerase 


‘1g DNA 


For more information on HotStart-IT™ sl 


call 800.321.9322 or visit www.usbweb.com/hotstart Oe ae 
In Europe: +49(0)76 33-933 40 0 or visit www.usbweb.de/hotstart Life Science 


R&D Systems Immunology Reagents 
Offering a complete line of Th17-related research tools. 


R&D Systems specializes in providing the highest quality reagents for assessing immune system function. These 
include a wide selection of tools for studying apoptosis, autoimmunity, complement/coagulation pathways, co-stim- 
ulation, hematopoiesis, innate/adaptive immunity, infectious diseases, inflammation, & much more. 


ELISpot Detection of 
IL-17-producing Splenocytes 


IGF) IL6 23 


‘Mouse splenocytes (10° cells per wel) were cultr- 
ed inthe absence inset) or presence of PMA and a 
‘aldumionophore. The frequency ofi-17 producing 
cells was measured with the mouse I-17 EUSpot Kit 


(Catalog # EL421). 
Molecule Antibodies Proteins Assays Molecule Antibodies Proteins Assays 
cma [Ww mT “ar [0 Th T 
EDG-1 4 LB 4M HMe 
Loy HMRGOCREFP | HMBCOCREFP | HMR GP BR aM 4M | 
jer 4M HM aM La 4M 4M M 
{tt LAM T6F-B1 H WMP [amncor 
(een HM HME TRAFG ] 


Hey (aCe Carnet Elgie Fene Minin MMowe PPocine a 


For a complete isting of immunology: related products visit our website at www.RnDSystems.com/go/immunology 


USABCanada RAD Systems inc Te 0) E5747 inosSjsemscom, 


Eerope RAD Systeme Europe Ltd. Tet +44(01123552949 foe mOsatemscauk 


Forresearch use ony. Not for ue in diagnostic procedures. G 


